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AN  ENQUIRY  INTO  THE  ETIOLOGY,  MANI- 
FESTATIONS, AND  PREVENTION  OF 
PNEUMONIA  AMONGST  NATIVES  ON  THE 
RAND  RECRUITED  FROM  "TROPICAL 
AREAS." 

By    G.    D.    MAYNAED,    F.E.C.S.E. 


In  any  discussion  of  the  disease  known  as  "  Pneumonia  "  it  is 
necessary  at  the  outset  to  define  clearly  what  is  meant  by  this  term. 
A  few  years  ago  a  clear  cut  distinction  was  supposed  to  exist  between 
lobar  and  catarrhal  pneumonia.  With  the  growth  of  bacteriology  a 
tendency  has  arisen  to  class  as  pneumonic  infections,  all  diseases 
which  appear  to  be  causally  associated  with  the  pneumococcus  of 
Fraenkel.  But,  unfortunately,  the  term  pneumonia  is  associated  with 
a  definite  group  of  symptoms  and  physical  signs,  and  such  symptoms 
and  signs  may  occur  unassociated  with  the  pneumococcus,  while,  on 
the  other  hand,  this  organism  is  frequently  present  in  diseases  which 
do  not  show  the  classical  symptoms.  If  we  attempt  to  record  under 
the  heading  "  Pneumonia  "  all  diseases  causally  associated  with  the 
pneumococcus  we  are  faced  by  grave,  if  not  insurmountable,  clinical 
difficulties;  whereas,  no  survey  of  the  effects  of  the  pneumococcus  can 
be  considered  complete  which  takes  into  account  only  one  form  of  its 
manifestations. 

Among  the  Natives  recruited  from  tropical  areas,  who  supply  the 
bulk  of  the  matter  dealt  with  in  this  paper,  Fraenkel 's  pneumococcus 
was  frequently  obtained  in  pure  culture,  by  lung-puncture,  from  cases 
of  lobar  pneumonia.  This  organism  has  been  also  obtained  from  the 
sputum,  and  by  lung-puncture,  from  some  cases  of  broncho 
pneumonia.  Further,  it  has  been  recovered  in  pure  culture  from 
abscesses  unassociated  with  any  lung  symptoms,  for  example  from  a 
suppurating  knee  joint ;  and  repeatedly  from  the  cerebro-spinal-fluid. 
Finally,  the  pneumococcus  was  not  infrequently  recovered  from  the 
blood  of  patients  suffering  from  lobar  pneumonia.  These  observations 
show  that  amongst  these  Natives  pneumococcal  infections  are  as 
protean  in  their  manifestations  as  they  are  known  to  be  amongst 
Europeans. 


2  Pneumonia  Amongst  Natives 

The  term  "  Pneumonia  "  will  be  used  throughout  this  paper  to 
mean  the  disease  clinically  known  as  lobar  pneumonia  when 
bacteriologically  associated  with  the  diplococcus  of  Fraenkel.  We 
must  not,  however,  lose  sight  of  the  fact  that  a  survey  of  Pneumonia 
will  be  only  a  partial  survey  of  the  effects  of  the  pneumococcus ;  but 
in  the  absence  of  a  complete  bacteriological  examination  in  all  cases 
of  disease  it  is  a  limitation  necessitated  by  our  ignorance. 

This  paper  is  divided  into  the  following  sections:  — 

1.  A  consideration  of  the  prevalence  of  pneumonia  as  influenced 
by  race  and  coimtry  of  birth.  Death  and  attack  rates,  the  case 
mortality,  and  the  influence  of  season. 

2.  The  clinical  manifestations,  course,  symptoms,  and  gross 
morbid  anatomy  of  the  disease. 

3.  A  consideration  as  to  whether  there  be  any  evidence  that  the 
disease  is  infectious. 

4.  A  consideration  of  the  effect  of  prophylactic  inoculation  of  n 
pneumococcal  vaccine  on  the  incidence  and  mortality  of  pneumonia. 

5.  General  conclusions. 


SECTION   I. 

A  disruHsion  of  the  'prevalence  of  'pneumonia  as  influenced  by  race 
and  countrij  of  birth.  Death  and  attack  rates,  the  case  inortality,  and 
the  influence  of  season. 

Some  of  the  Natives  working  on  the  mines  of  the  Witwatersrand 
are  recruited  from  districts  north  of  lattitude  22°  8.  These  Natives 
are  colloquially  termed  "Tropical  Natives"  ;  this  convenient  expression 
we  shall  continue  to  use.  The  majority  come  from  the  Portuguese 
districts  of  Quilimane,  Mozambique,  Portuguese  Nyassaland,  and  the 
district  of  Tete.  It  is  impossible  to  divide  these  Natives  into  tribes. 
In  recent  years  so  much  intermarriage  has  taken  place  that,  except 
on  very  broad  lines,  tribal  distinctions  are  not  maintained.  There  are 
marked  differences,  however,  between  the  Natives  in  the  different 
territories  in  regard  to  their  physique  and  liability  to  disease.  These 
differences  necessitate  a  separate  consideration  of  the  groups.  Natives 
from  some  of  these  districts  are  apparently  more  heterogeneous  than 
others,  and  this  is  particularly  marked  amongst  the  Quilimane 
Natives.  For  some  purposes,  therefore,  they  have  been  divided  into 
four  groups  according  to  geographical  sub-divisions  of  the  district.  All 
"  Tropical  Natives  "  employed  on  the  Band  are  recruited  by  the 
Witwatersrand    Native    Labour   Association,    and    it    is   owing   to   the 
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courtesy    of    this    Association  that    its    vahiahle    records    have    been 
placed  at  my  disposal. 

The  Natives  are  recruited  at  their  kraals,  and  marched  from  rest- 
camp  to  rest-camp  until  they  reach  a  depot  at  the  port  of  embarkation. 
At  these  depots  they  are  housed  and  fed  while  awaiting  the  steamer 
which  is  to  take  them  to  Delagoa  Bay.  The  ports  of  embarkation 
from  North  to  South  are  as  follows: — Port  Amelia  in  Nyassaland, 
Mozambique,  Angoche,  Pebane  for  tbe  district  of  Quilimane,  and 
Chinde  where  the  Tete  Natives  and  Protectorate  Independent  Terri- 
torial Natives  (the  latter  subsequently  referred  to  as  P.I.T.)  are 
shipped.  These  Natives  arrive  at  Chinde  by  boat  via  the  Zambezi 
river.  The  voyage  to  Lourenco  Marques  occupies  from  five  to  twelve 
days.  On  arrival  here  the  Natives  are  transferred  to  the  train,  and 
sent  to  the  central  low  veld  station  of  the  Company  at  Eessano  Garcia, 
where  they  are  medically  examined,  detained  for  a  few  days,  and  then 
if  passed  as  fit  for  mine  work  forwarded  to  the  Kand.  If  the  ^Medical 
Officer  is  not  satisfied  with  their  condition  they  are  either  sent  home, 
or  fui'ther  detained  at  this  place,  to  enable  them  to  recuperate  in  a 
district  with  a  climate  similar  to  that  of  their  homes.  On  their 
arrival  in  Johannesburg  they  are  sent  to  the  Association's  compound, 
where  they  remain  under  close  medical  supervision  for  a  further  period 
of  at  least  three  weeks.*  At  the  end  of  this  time  they  are  again 
medically  examined,  and  if  deemed  fit  for  work  are  allotted  to  the 
mines,  but  if  found  to  be  unfit  they  are  either  returned  to  their 
homes  or  detained  for  a  further  period.  It  is  during  their  stay  in  the 
Johannesburg  compound  that  most  of  the  records  dealt  with  in  this 
paper  have  been  obtained. 

The  meaning  of  the  terms  used  in  connection  with  these  Natives 
will  now  be  readily  understood.  A  Native  not  allotted  to  a  mine  at 
the  end  of  three  weeks  with  the  gang  to  which  he  belongs  is  called 
a  "detention";  if  he  be  sent  home  a  "reject."  It  is  considered 
inadvisable  to  bring  Natives  from  tropical  districts  on  to  the  Kand 
during  the  winter,  and,  therefore,  no  recruiting  is  carried  on  in  these 
areas  during  the  four  months  April  to  July.  The  following  tables, 
I.  and  Ia.,  show  the  numbers  recruited  from  each  area,  with  the 
repatriations,  detentions,  and  deaths  in  the  Johannesbvu'g  compound. 
The  figures  are  obtained  from  the  total  number  of  Natives  arriving  in 
the  seasons  1910  to  1911,  and  1911  to  1912,  and  one-half  of  the 
recruiting  season  1912  to  1913,  that  is,  from  August  to  31st  December, 
1912. 


*  "  Tropical  Natives  "  are  not  permitted  to  work  underground  for  a  period  of  four 
weeks  from  the  time  of  their  arrival.  There  is  no  lestriction  to  their  doing  surface 
work  earlier,  hence  the  period  in  the  compound  is  on  the  average  about  three  weeks 
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TABLE   I. 


Plain  figures  give  actual  numbers,  italics  rates  'per  1000. 


Territorial 
origin. 


Number  of     j^^  Repatri- 

Season.  Natives  c^iauii 

recruited. 


tions.         ations. 


Deaths 
in  com- 
pound. 


Mozambique 

...     1910-11 

5047 

1368 
271-1 

174 
34-5 

220 

43-6 

i* 

...     1911-12 

4812 

932 
193  7 

172 

35-7 

168 
34-9 

II 

1912 

3412 

637 
186-7 

71 

20-8 

129 

37-8 

II 

Total 

13271 

2937 
221-3 

417 
31-4 

517 
39-0 

Angoche 

...     1910-11 

3686 

929 

256-6 

11 
21-2 

191 

52-5 

> ) 

...     1911-12 

2517 

518 
205-8 

362 
14-4 

161 
640 

>> 

1912 

1180 

285 
241-5 

13 
11-0 

58 
44-9 

II 

...  •       Total 

7333 

1732 
236-1 

452 
61-6 

405 
55-2 

Quilimane 

...     1910-11 

2746 

116 
282-6 

90 
32-8 

99 
36-1 

) ) 

...     1911-12 

2106 

467 
221-7 

90 

42-7 

58 
27-5 

>> 

1912 

1272 

293 
230-3 

22 

17-3 

40 
31-4 

)  I 

Total 

6124 

1536 
250-8 

202 
33-0 

197 
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Territorial 
origin. 


Season. 


recruited. 


tion. 


ation. 


Deaths 
in  com- 
pound. 


Portuguese 
Nyassaland 

...     1910-11 

3574 

652 

182-4 

61 

17-1 

85 

:83-8 

>> 

...     1911-12 

2639 

35(J 
132-6 

62 
23-0 

61 
23-1 

1 1 

1912 

28U8 

454 
161-7 

29 
10-3 

78 

1 1 

Total 

9021 

1456 
161-4 

152 
16-8 

224 

24-8 

Tete 

...     1910-11 

3077 

315 

102-4 

19 

6-2 

16 

5-2 

)> 

...     1911-12 

1409 

111 
126-7 

15 

10-7 

20 
14-2 

1  > 

1912 

1585 

232 
U6-4 

8 

1-9 

11 

6-9 

>  1 

Total 

6071 

724 
119-2 

37 
61 

47 

7-7 

P.I.T. 

...     1910-11 

820 

62 
75-6 

3 

3-7 

6 
7-5 

»i 

...     1911-12 

1221 

129 

105-7 

10 

8-2 

23 

18-8 

) ) 

1912 

200 

36 
180-0 

1 

5-0 

4 

^0  0 

>  > 

Total 

2241 

227 
101-3 

14 

6-2 

33 
14-7 

British 
Nyassaland 
Protectorate 
(B.N.P.) 

...     1910-11 

...     1911-12 
1912 

291 

938 

1 

47 
161-5 

158 
168-4 

3 

10-3 

9 
9-6 

4 
i3-7 

22 
:?3-5 

>> 

Total 

1230 

205 
266-7 

12 

9-8 

26 
211 
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TABLE    Ia. 

Summary. 
Rates  per  1000  in  italics. 


Territorial 
origin. 


Number  of 
Natives 
recruited. 


Deten- 
tion. 


Repatri- 
ation. 


Deaths 
in  com- 
pound. 


Mozambique 

13271 

2937 

221-3 

417 
31-4 

517 
39-0 

Angoche 

7333 

1732 

236  1 

452 
61-6 

405 

55-2 

Portuguese 
Nyassaland 

9021 

1456 
161-4 

152 

16-8 

224 

24-8 

C)uilimane 

6124 

1536 

2.50-8 

202 
33-0 

197 

32-2 

Maganja  da  Costa    ... 

2950 

548 
185-3 

69 
23-3 

54 
18-3 

Lomwc 

1620 

590 
364-2 

60 
37-0 

74 

Higher  M'Locwe 

1042 

301 
288-9 

46 
44-1 

51 
49-0 

Lower  M'Locwe 

512 

97 
189-5 

27 

52-7 

18 
35-2 

P.I.T. 

2241 

227 
101-3 

14 
6-2 

33 
14-7 

Tete 

6071 

724 
119-2 

37 
6-1 

47 

7-  7 

B.N. P. 

1230 

205 
166-7 

12 

9-8 

26 
21-1 

Total 

45291 

8817 
194-7 

1286 

28-4 

1449 
32-0 
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It  will  be  observed  that  the  rates  vai-y  considerabl}-  with  the  areas 
from  which  these  Natives  are  recruited ;  and  there  is,  as  we  shall  see 
later,  a  high  correlation  between  the  number  of  "  detentions  "  and  the 
number  of  deaths. 

The  effect  of  dividing  the  Quilimane  Natives  into  sub-groups  is 
instructive.  The  death-rate  for  the  whole  group  is  32 '2  per  thousand, 
which  is  practically  the  same  as  that  found  for  the  whole  table.  The 
rates  in  the  sub-groups  vary  widely,  Natives  from  the  district  of 
.VTaganja  da  Costa  ha\ing  a  comparatively  low  death-rate,  while  those 
from  the  other  districts  have  a  much  higher  rate  ;  so  that  the  observed 
rate  of  32  per  thousand  masks  wide  differences  within  the  group. 

Eeturning  to  Table  Ia.,  it  will  be  seen  that  the  Natives  with  the 
highest  death-rates  are  recruited  from  the  districts  of  Angoche,  Higher 
M'Locwe*,  and  Lomwe*,  whilst  those  from  the  district  of  Tete  have 
a  much  lower  rate  than  that  of  any  other  group.  The  differences  in 
the  general  death-rates  are,  as  we  shall  see,  largely  due  to  variations 
in  the  prevalence  of  pneumonia,  and  from  44  to  82  per  cent,  of  the 
iotal  death-rate  is  due  to  the  mortality  from  this  disease.  Excluding 
the  group  "  diarrhoeal  diseases,"  Cerebro-spinal  Meningitis  is  second 
to  pneumonia  in  importance  as  a  cause  of  death  during  the  period  of 
residence  of  these  Natives  in  the  W.N.L.A.  Compound  in  Johannes- 
burg. For  this  reason,  and  because  its  relative  prevalence  according 
to  the  territorial  distribution  of  the  Natives  is  not  the  same  as  that  for 
pneumonia,  the  statistics  of  this  disease  have  been  included  in 
Table  II. 

It  is  necessary  to  digress  for  a  moment  to  enquire  how  far  the 
death-rate  from  pneumonia  may  be  regarded  as  an  index  to  the 
attack-rate ;  that  is,  does  a  high  death-rate  from  pneumonia  necessarily 
indicate  a  high  attack-rate?  Clearly,  if  the  case  mortality  were 
constant  we  could  instantly  deduce  the  one  rate  from  the  other  ;  or 
given  the  death-rate,  we  could  place  the  groups  in  the  order  of  their 
liability  to  attack.  In  Column  (10)  of  Table  II.  we  see  that  the  case 
mortality  is  not  constant,  and  we  therefore  must  determine  whether 
H  high  death-rate  is,  or  is  not,  associated  with  a  high  attack-rate. 
As  the  correlation  of  rates  is  unsatisfactory  owing  to  a  spurious 
ciorrelation  being  thereby  introduced,  it  is  necessary  to  calculate  the 
partial  correlation  by  Professor  Pearson's  formula,  which  is  as 
follows:  — 

If  p  =  the  population  of  the  group,  r  =  the  number  who  recovered, 

*  It  is  worth  recording  that  the  head  Recruiter  reports  that  in  these  districts 
the  Natives  are  exceedingly  lazy,  do  very  little  cultivation,  and  are  often,  therefore, 
in  a  half -starved  condition. 
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and  d  =  the  number  who  died,  then  the  correlation  of  recoveries  and 
deaths  for  a  constant  population  is: — 

„      _  ^'d  -   r,,,  rgp 


y     1  -  r%      {/  1  -  rip 


In  the  case  of  pneumonia  among  the  groups  classified  according  to 
territorial  distribution  the  value  is:  — 

pVra  =  9045  +   0388 

and  there  is,  therefore,  a  high  correlation'  between  recoveries  and 
deaths  amongst  those  attacked  with  this  disease.  It  will,  consequently, 
make  little  difference  whether  we  employ  the  attack-rate  or  the 
death-rate  in  estimating  the  prevalence  of  pneumonia  among  these 
groups.  As  in  most  enquiries  the  death-rate  is  the  only  factor 
obtainable  this  rate  will  be  here  used,  since  the  results  will  be  of  more 
value  for  comparative  purposes. 

To  return  to  the  death-rate  from  pneumonia  as  given  in  Table  II., 
and  represented  graphically  in  Map  I.  This  map  represents  the  rates 
occurring  on  the  Rand  amongst  the  Natives  recruited  from  the  different 
geographical  areas,  and  does  not  refer  to  the  conditions  prevailing  in 
the  territories  themselves.  It  is,  of  course,  diagramatic,  and  if  further 
sub-division  of  the  Natives  from  the  different  districts  had  been 
possible  the  abrupt  transition  of  the  rates  as  shown  would  no  doubt 
be  considerably  modified.  That  marked  variations  in  the  liability  to 
this  disease  exist  among  the  Natives  recruited  from  these  areas  is 
plain,  and  it  will  be  observed  that  the  districts  from  which  the  highest 
rates  are  obtained  is  roughly  a  triangular  area  from  Lake  Cliirua  to 
the  coast.  The  treatment  of  the  Natives  in  regard  to  methods  of 
recruiting,  housing,  feeding,  etc.,  is  practically  uniform,  except  that 
the  varying  distance  of  their  homes  from  the  coast  necessitates  in 
some  cases  a  lengthy  march  to  the  port  of  embarkation.  That  this 
is  not  a  critical  factor,  however,  is  shown  by  this  map,  for  the  areas 
which  yield  the  worst  death-rates  are  not  those  farthest  from  the 
coast.  Speaking  generally,  it  appears  that  the  Natives  from  the 
inland  districts  are,  when  residing  on  the  Rand,  less  prone  to  the 
disease  than  those  from  the  coastal  areas.  In  the  United  States,  when 
allowances  are  made  for  the  fact  that  pneumonia  is  more  prevalent  in 
urban  than  in  rural  districts,  we  find  that  persons  residing  in  the 
coastal  districts  are  less  subject  to  this  disease  tlian  those  living  inland. l 
In  regard  to  these  Natives  we  do  not  know  whether  in  their  homes  a 
similar  condition  obtains,  but  if  further  investigation  were  to  show 
that  this  be  so,  a  possible  explanation  of  the  reversal  of  this  condition 
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on  their  arrival  on  the  Eand  would  suggest  itself;  namely,  that  there 
had  been  a  less  rigorous  selection  amongst  the  Natives  from  the  coastal 
areas. 

Among  other  possible  causes  of  these  differences  are:  — 

(1)  That  a  general  want  of  physique  is  correlated  with  a  pre- 
disposition to  all  diseases. 

(2)  That  certain  tribes  are  particularly  susceptible  to  pneumo- 
coccal infection,  or 

(3)  That  some  factor  favouring  the  spread  of  infection  may  be 
more  marked  in  some  groups  than  in  others. 

This  last  point  will  be  dealt  with  more  at  length  later,  but  it  may 
be.  stated  here  that  there  is  no  evidence  that  a  factor  of  infection  has 
any  influence  in  causing  the  variation  in  the  death-rates.  The 
Natives  from  the  districts  of  Quilimane  and  Angoche  are,  at  any  rate 
on  arrival  at  Delagoa  Bay,  of  distinctly  inferior  physique  to  those 
recruited  from  Nyassaland  and  Tete ;  and  also  inferior,  but  to  a  less 
marked  degree,  to  those  coming  from  Mozambique.  But,  if  general 
physical  inferiority  were  the  whole  explanation,  then  we  might  expect 
that  the  death-rate  from  other  diseases  would  show  the  same  territorial 
distribution  as  the  pneumonia  rate. 

A  similarly  prepared  representation  of  the  death-rate  on  the  Rand 
from  Cerebro-spinal  Meningitis  is  shown  in  Map  II.  The  figures  used 
in  preparing  the  maps,  as  well  as  those  from  which  the  attack-rates 
for  the  two  diseases  are  calculated,  are  given  in  Table  II.  on  page  10. 

Here  we  see  that  the  Natives  from  the  three  districts  of  Quilimane 
which  show  the  highest  death-rates  from  pneumonia,  are,  in  respect 
to  Cerebro-spinal  Meningitis,  among  the  best.  The  fact,  however, 
that  the  numbers  in  these  groups  are  smaller,  must  not  be  overlooked. 
Excluding  these  two  diseases,  the  territorial  distribution  of  the  death- 
rate  for  all  medical  diseases  gives  a  picture  very  similar  to  that  of 
pneumonia.  It  is  possible  then,  that  the  distribution  of  Cerebro-spinal 
Meningitis  may  be  due  to  some  peculiarity  in  method  of  spread,  or  in  a 
special  constitutional  liability,  and  that  general  want  of  physique  may 
still  explain  the  variation  in  the  death-rates  from  other  diseases.  We 
have  not,  however,  at  the  present  time,  sufficient  evidence  to  enable 
any  suggestions  to  be  formulated  except  in  a  tentative  manner ;  that  a 
marked  and  persistent  difference  in  the  tribal  rates  does  occur,  is, 
nevertheless,  established. 

It  may  be  remarked  that  while  some  authorities  state  that  the 
weaklings  of  a  community  are  most  prone  to  contract  pneumonia, 
others  assert  that  it  is  the  robust  who  are  most  often  attacked.  A 
similar  divergency  in  opinion  is  found  amongst  the  medical 
practitioners  engaged  in  Native  work.     This  conflict  of  opinion  need 
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occasion  no  surprise  if  such  views  are  obtained  merely  from  impressions 
rather  than  from  carefully  kept  records ;  in  other  words,  when  the 
so-called  "  experiential  method  "  -A;  '  replaces  a  scientific  analysis  of 
recorded  facts. 

Natives  whose  physical  condition  is  poor  are  detained  in  the 
W.N.L.A.  Compound  beyond  the  average  twenty-one  day  period,  and, 
as  before  explained,  are  termed  "detentions.  "  If  their  condition  is 
so  bad,  that,  in  the  opinion  of  the  medical  officer,  they  are  not  likely 
to  be  fit  for  allotment  to  the  mines  within  a  reasonable  time  they 
are  returned  to  their  homes,  and  are  termed  "  rejects."  The  physical 
condition  of  these  Natives  also  varies  from  season  to  season,  and  at 
different  times  during  the  same  season ;  the  number  of  " '  detentions 
and  "  rejects  '"  from  any  group  reflects,  therefore,  to  a  certain  extent 
the  condition  of  the  whole  group.  By  correlating  either  the  general 
death-rate,  or  the  pneumonia  death-rate,  with  the  number  of 
'detentions"  or  "rejects,"  we  shall  obtain  some  measure  of  the 
association  between  the  physical  condition  of  the  Natives  and  their 
liability  to  deatli. 

Correlating  all  deaths  (d)  with  "  rejects  "  [n)  for  constant 
population  (p),  by  the  partial  correlation  formula,  we  find:  — 

^,ra„    =  -6549+ -0715 

and  for  all  deaths  and  "  detentions  "  (m) , 

^^ra„,  =  -8343+   0381 

Similarly  the  values  for  pneumonia  deaths  (e)  and  "  rejects,"  and 
for  «»ii  deaths  and  "  detentions  "  are:  — 

^Hcu.»vto»\  ic^ 

'  ,r,..     =-7764+ -0497 

,,r,,n  =  -4990+ -0941 

Thus  it  is  seen  that  in  gangs  where  physically  inferior  "  boys  " 
preponderate  both  the  total  and  the  pneumonia  death-rates  are  higher 
than  where  the  reverse  condition  exists.  Too  much  stress  must  not 
be  placed  on  these  results,  as  there  is  a  considerable  correlation 
betM'een  the  "  tribe  "  (or  more  correctly  the  Natives  from  a  certain 
geographical  district),  and  number  of  "  detentions  "  or  "  rejects,"  so 
that  we  may  be  measuring  the  "  tribal  '  liability  rather  than  the 
physical  condition  of  the  gang  ;  unless  a  difference  in  physique  be  the 
only  factor  of  importance  in  this  respect.  The  figures  are  of  interest 
because  they  show  that  the  physically  inferior  gangs  have  both  a 
higher  general  death-rate,  and  a  higher  pneumonia  death-rate,  than 
those  arriving  in  better  condition ;  and  the  results,  even  interpreted  on 
a  racial  basis,  show  that  racial  susceptibility  is  associated  with  a 
degree  of  physical   unfitness.     With   the  present  incomplete  data   at 
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our  disposal  it  would  be  unwise  to  be  dogmatic  on  this  question,  but 
there  are  distinct  indications  that  the  physically  unfit  are  more  prone 
to  pneumonia. 

I  have  elsewhere  shown*  that  the  prevalence  of  pneumonia — 
taking  the  death-rate  as  a  measure  of  the  prevalence — is  greatest 
amongst  Natives  during  their  first  month  of  residence  on  the  Rand, 
and  that  thereafter  it  progressively  diminishes.  With  our  present 
figures  we  can  consider  this  problem  as  it  relates  to  new  arrivals  during 
their  first  few  weeks  of  residence  in  Johannesburg.  With  the 
exception  of  loss  by  death,  the  population  in  the  W.N.L.A.  Compound 
is  stationary  for  all  "  Tropical  Natives  "  for  approximately  three 
weeks.  Dividing  the  first  nineteen  days  into  five-day  periods,  the 
number  attacked  in  each  period  out  of  a  total  of  45,291  Natives,  is  as 
follows: — 


TABLE   III. 

Day  after 
arrival. 

Number 
attacked. 

Attack  rate 
per  cent. 

0—  4 

526 

116 

5—  9 

389 

0-86 

10—14 

314 

0-69 

15—19 

275 

0-61 

Here  again  we  see  that  the  period  of  greatest  risk  is  that  imme- 
diately following  arrival,  the  greatest  number  of  cases  being  admitted 
to  hospital  on  the  first  day.  Thus,  the  liability  commences  suddenly 
and  immediately  after  arrival,  and  decreases  subsequently  from  day 
to  day.  This  distribution  is  shown  in  Chart  I.,  as  also  the  theoretical 
curve,  which  is  of  the  "  .1^  "  type.  It  will  be  observed  that  the  start 
is  within  the  first  twenty-four  hours.  The  actual  number  of 
cases  recorded  is  greater  in  the  second  twenty-four-hour  period, 
but  this  is  due  to  the  fact  that  the  first  period  is  not  really 
one  of  twenty-four  hours,  because  the  first  day  as  determined 
from  the  compound  books  is  often  a  period  of  only  twelve 
hours,  or  even  less.  The  marked  reduction  in  attack-rate  with  the 
length  of  residence  is  a  fact  which  must  not  be  overlooked  when  we 
consider  the  evidence  as  to  the  probability  of  case  to  case  infection. 
That  this  fall  continues  after  the  Natives  are  removed  to  the  mines 
IS  also  shown  by  other  figures   at  our  disposal.     In  the   e.xperiment 
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conducted  with  8,123  Natives,  which  will  be  presently  described,  and 
is  subsequently  referred  to  as  the  "  8000  experiment,"  the  attack-rate 
month  by  month  was  recorded,  and  is  here  given  in  Table  IV.,  and 
shown  graphically  on  Chart  II. 


TABLE    IV 


Month  after 
arrival. 

Number 
attacked. 

Attack  rate 
per  cent. 

0 

312 

3-89 

1 

208 

2-58 

2 

155 

2-00 

3 

139 

1-83 

4 

125 

1-68 

5 

89 

1-22 

This  Table  also  shows  that  amongst  Natives  recruited  in 
"  tropical  areas  "  the  maximum  attack-rate  occurs  immediately  on 
their  arrival  on  the  Band,  and  gradually  falls  as  the  period  of  residence 
increases.  The  influence  of  season  in  producing  variations  in  the 
attack-rate  does  not  in  any  way  enter  into  the  problem  in  regard  to 
the  figures  given  in  Table  III.  ;  and  it  is  probably  not  of  importance 
m  Table  IV.,  because  the  Natives  composing  the  population  dealt  with 
in  this  table  were  recruited  over  a  period  from  August  to  the  middle 
of  November,  that  is,  from  the  coldest  time  during  which  recruiting 
from  these  districts  is  undertaken,  up  to,  and  well  into  the  warm 
season.  Chart  III.  shows  the  daily  admissions  from  Cerebro- spinal 
Meningitis ;  and  it  is  inserted  here  to  show  that  this  distribution  is 
not  similar  in  type  to  that  found  for  pneumonjT,.  There  are  some 
special  features  in  this  distribution  which  need  not  detain  us  here, 
but  the  distributions  are  clearly  of  different  types. 

It  is  of  interest  to  note  that  a  somewhat  similar  phenomenon  to 
the  fall  in  the  attack-rate  just  discussed  has  been  observed  in  Europe. 
In  Nothnagel's  Encyclopedia^  we  find  the  following  sentence: — 

"  Griindler  declares  that  the  origin  of  the  numerous  pneumonic 
affections  which  he  has  noted  in  the  garrison  of  Magdebourg  from  the 
1st  of  October,  1873,  to  the  end  of  June,  1874,  was  due  less  to  the 
influence  of  the  weather  than  to  the  arrival  and  education  of 
recruits.  .  .  .  The  complete  strength  of  the  garrison  was  6,008  men, 
consisting  of: — 
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Recruits,  or  men  in  1st  year  of  service:   Pneumonia 

attack-rate  ...  ...  ...  ...     2-15% 

Men  in  2nd  year  of  service:    Pneumonia  attack-rate     0-81% 

Men  in  3rd  year  of  service:  ,,  ,,  0-67% 

Men  after  3rd  year  of  service:  ,,  ,,  0-14%." 

Aufrecht,  the  author  of  the  article  ,  considers  that  this  pre- 
disposition of  recruits  is  due  to,  "  either  unaccustomed  or  excessive 
muscular  exertion,  which  may  give  rise  to  an  enfeeblement  of  the 
entire  muscular  system,  and,  in  connection  with  this,  to  an  increased 
function  of  the  sweat-glands."  Further,  after  quoting  some  figures  due 
to  Riebe,  he  states: — "Any  one  who  is  not  absolutely  and  wilfully 
blind  cannot  fail  to  see  that  the  explanation  of  this  state  of  affairs  is 
to  be  found  in  the  excessive  demand  on  the  powers  of  the  young 
recruit  and  in  the  unwonted  bodily  exertion  incident  to  the  first  year 
of  service."  These  figures  are  not  given  in  sufficient  detail  to  enable 
us  to  judge  whether  they  would  if  further  sub-divided  correspond  in 
type  to  the  distributions  obtained  from  our  Native  returns  ;  but  if  they 
did  so  correspond  it  would  surely  be  only  the  "  wilfully  blind  "  who 
would  be  content  to  accept  "  either  unaccustomed  or  excessive 
muscular  exertion  "  as  a  sufficient  explanation.  Tn  the  case  of  the 
Natives  referred  to  in  Table  TTI. ,  excessive  muscular  exercise  cannot 
explain  the  high  attack-rate,  nor  could  it  account  for  the  rate  during 
the  first  month  as  given  in  Table  TV.  It  has  already  been  pointed 
out  that  all  "  Tropical  Natives  "  have  had,  prior  to  their  arrival  on 
the  Rand,  a  voyage  of  some  ten  days,  followed  by  a  detention  in 
Ressano  Garcia  ;  and  it  is  during  their  stay  in  the  W.N.L.A.  Compound 
in  Johannesburg  that  the  highest  attack-rate  from  pneumonia  occurs, 
and,  therefore,  before  they  commence  the  hard  work  incidental  to 
mining.  Tf,  however,  we  had  dealt  with  our  data  only  in  yearly 
groups,  as  in  Griindler's  returns,  Aufrecht 's  suggested  explanation 
might  in  this  case  also  have  appeared  valid. 

These  figures  of  Griindler's  are  also  quoted  by  Musser  k  Norris,^ 
in  support  of  a  plea  that  occupation  "  plays  an  etiological  role,"  and 
these  authors  further  state  "  emigrants  (.s;'r)  are  more  susceptible  than 
Natives  who  have  become  acclimated."  If  this  remark  may  be  inter- 
preted as  meaning  that  immigrants  suffer  more  from  pneumonia  than  a 
native  population  of  the  same  age  and  sex,  it  would  have  an  important 
bearing  on  this  problem.  As  an  example  of  the  contention  that  change 
of  residence  tends  to  increase  the  risk  of  contracting  pneumonia  they 
quote  the  case  of  the  Lapps,  but  without  giving  their  authorities  or 
reproducing  any  figures,  thus:  — 

"  This  is  well  exemplified  in  the  case  of  the  Lapps,  who  whenever 
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they  move  from  the  frozen  north  to  a  temperate  zone  almost  invariably 
die  of  pneumonia  within  a  short  time."  On  the  other  hand,  Sir  W. 
Osler7  writes  as  follows: — "Newcomers  and  immigrants  are  stated 
to  be  less  susceptible  tlian  native  inhabitants."  This  view  is  directly 
opposed  to  those  given  above,  but  in  the  absence  of  the  data  on  which 
these  views  are  based  it  is  impossible  to  judge  of  their  value. 

The  influence  of  season  and  climate  must  now  be  considered  in 
so  far  as  the  available  data  permit.  We  have  seen  that  for  the 
territorial  groups  the  attaclc-rate  and  death-rate  are  highly  correlated, 
and  we  find  from  the  figures  in  Table  V.,  page  16,  that  this  is  also 
true  for  the  monthly  groups  of  this  table. 

The  partial  correlation  for  recoveries  and  deaths  for  constant 
population  grouped  according  to  months  is:^ — 

^-,r,a      = -8739+ -0336. 

Thus  again  we  see  that  there  must  be  a  high  correlation  between  cases 
and  deaths  ;  or  in  other  words,  the  death-rate  will  serve  as  a  close 
guide  to  the  attack-rate.  The  problem,  whether  the  case  mortality  is 
dependent  on  the  rate  of  attack  will  be  discussed  later ;  but  as  will  be 
shown,  there  appears  to  be  little  or  no  association  between  variations 
in  the  case  mortality  and  in  the  prevalence  of  the  disease. 

In  Chart  IV.  the  death-rate  for  each  month  from  August  to  the 
following  April,  both  months  inclusive,  is  shown  for  three  successive 
recruiting  seasons.  The  deaths  have  been  recorded  against  the  montn 
in  which  the  attacks  commenced.  It  will  be  noted  that  in  the  season 
1911  to  1912  the  rate  was  highest  in  the  colder  months,  and  fell  verv 
noticeably  in  December  and  January,  thus  agreeing  with  an  opinion 
quite  commonly  held  that  pneumonia  is  more  prevalent  during  the 
colder  montlis.  Tn  the  season  lOK)  to  1911  the  rate  was  highest 
in  March  and  April,  but  no  marked  variations  occurred  from  August 
to  February.  Tn  the  season  1912  to  1913  the  maximum  rates 
occurred  during  the  warm  weather,  a  reversal  of  the  condition  so 
marked  in  the  season  of  1911  to  1912.  If  we  assume  that  other 
predisposing  factors  remained  approximately  the  same,  then  from  this 
evidence  it  would  be  difficult  to  state  that  season  had  any  constant 
influence  on  the  prevalence  of  the  disease,  although  the  tendency  of 
the  figures  as  a  whole  suggests  that  the  prevalence  decreases  in  the 
warmer  months.  This  is  shown  graphically  by  the  curve  whi-h 
represents  the  average  rates  for  the  three  years. 

We  have  no  right,  except  hypothetically  for  the  purpose  of  a  first 
approximation,  to  assume  that  other  factors  have  remained  unaltered. 
For  instance,  we  know  that  owing  to  a  dry  season  in  Tropical  Africa 
in  1011  to  1912  there  was  a  consequent  shortage  of  crops,  and  it  is 
i)Ossible  that  this   factor  mav  have  had  an   influence  on   the  Natives 
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TABLE   V. 


1 

PNEUMONIA. 

OTHER 

DISEASES. 

MONTH. 

Average 
monthly 
number  of 
recruits 
in  Compd. 

Cases. 

Rate 

per 

thousand. 

Died. 

Rate 

per 

thousand. 

Case 

Mortality 
per  cent. 

Died. 

Rate 

per 

thousand. 

1910. 

1 

! 

August 

1,293 

43 

33-3 

11 

8-5 

25-6 

32 

24-7 

September   ... 

1,864 

69 

370 

27 

14-5 

392 

98 

1       52-6 

October 

2,077 

61 

29-4 

22 

10  6 

36-1 

78 

37-6 

November    ... 

2,141 

73 

,     341 

36 

16-8 

49-3 

36 

168 

December    ... 

2,375 

68 

28-6 

28 

11-8 

41-2 

18 

7-6 

1911. 

1 

January 

1,829 

41 

22-4 

19 

10-4 

46-4 

22 

12-0 

February 

1,827 

47 

25-7 

22 

12-0 

46-7 

31 

17-0 

March 

2,200 

135 

61-4 

!       54 

24-5 

40-0 

1       53 

24-1 

April 

1,722 

94 

54-6 

33 

19-2 

35-1 

1 

06 

May    

343 

3 

8-7 

'        0 

June 

69 

0 

July    ... 

2 

0 

August 

939 

143 

152-3 

48 

51  1 

33-6 

48 

51-1 

September 

2,040 

219 

107-4 

72 

35-3 

32-8 

16 

7-S 

October 

1,609 

143 

88-9 

43 

26-7 

30-0 

6 

3-7 

November     . 

816 

30 

36-8 

9 

11-0 

300 

16 

19-6 

December     ... 

1,085 

26 

24-0 

6 

5-5 

23-0 

8 

7-4 

1912. 

January 

936 

16 

17-1 

5 

5  3 

31  0 

19 

203 

February 

1,669 

39 

23-4 

17 

10-2 

43-6 

20 

12  0 

March 

1,993 

84 

42  1 

34 

17-1 

43-8 

74 

37-1 

April 

1,749 

85 

48-6 

47 

269 

55-4 

19 

10-9 

May 

258 

1 

3-9 

1 

3-9 

100-0 

June 

20 

0 

July 

4 

0 

August 

1,552 

96 

61-9 

39 

251 

40-6 

41 

26  4 

September   .  . 

2,251 

81 

36-0 

35 

15-5 

43-2 

2 

0-9 

October 

1,448 

40 

27-6 

25 

17-3 

626 

32 

22-1 

November    ... 

1,751 

73 

41-7 

35 

200 

480 

11 

6-3 

December 

1,718 

99 

57-6 

41 

23-9 

41-5 

59 

34  3 

1913. 

January 

2,484 

62 

250 

73 

29-4 

February 

2,290 

49 

21-4 

28 

12-2 

March 

2,226 

26 

11-7 

17 

7-6 

April 

1,170 

11 

94 
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arriving  in  the  season  of  1912  to  1913  :  again,  a  large  propoi'tion  of 
Natives  who  arrived  between  November,  1911,  and  November,  1912, 
were  receiving  prophylactic  inoculations  of  pneumococcal  vaccine. 

Some  additional  information  on  this  question  of  seasonal  preva- 
lence can  be  obtained  by  a  consideration  of  certain  returns  applying 
to  Natives  at  work  on  the  mines.  Through  the  kindness  of  Dr.  G.  A. 
Turner,  I  have  been  able  to  obtain  figures  giving  the  average  monthlv 
number  of  Natives  employed  on  the  mines,  with  the  corresponding 
deaths  from  pneumonia,  for  five  years  ;  subdivided  according  to  the 
territorial  areas  from  which  they  were  recruited.  In  Chart  IV.  the 
death-rates  per  month  for  a  five-yearly  average  are  shown.  In 
Chart  V.  the  death-rate  occurring  in  each  month  has  been  plotted  in 
percentages  of  the  total  rate.  Four  distributions  obtained  from  data 
relating  to  European  populations  in  different  parts  of  the  world  are 
also  shown  for  comparison.  The  two  distributions  obtained  from 
figures  relating  to  populations  in  the  Northern  Hemisphere  have  been 
plotted  by  reading  July  for  January,  and  so  on,  so  that  the  seasons 
shall  correspond. 

It  will  be  noticed  that  the  monthly  fluctuations  in  the  Native 
distributions  are  not  so  marked  as  those  in  the  European  distribvitions, 
and  that  Natives  from  British  territory  show  a  greater  seasonal  varia- 
tion than  those  from  Portuguese  territory.  Nevertheless,  all  groups  show 
lower  rates  during  the  warmer  months.  In  regard  to  British  Central 
African;  ^lozambique  :  and  Zambezi,  Quilimane,  and  Tete  Natives;  it 
must  be  remembered  that  no  new  arrivals  are  being  allotted  to  the 
mines  from  May  to  nearly  the  end  of  August,  and  this  factor  in  itself 
will,  as  we  have  seen,  tend  to  reduce  the  death-rate  observed  in  these 
months.  Monthly  fluctuations  among  "  Tropical  Natives  '  are,  how- 
ever, much  more  marked  ;  this  is  partly  accounted  for  by  the  fact  that 
the  rates  are  calculated  from  smaller  numbers. 

Summing  the  whole  of  this  evidence,  we  may,  I  thinlc,  conclude 
that  pneumonia  tends  to  be  definitely  more  prevalent  during  the  colder 
months.  Fluctuations  due  to  other  causes,  more  especially  amongst 
the  "Tropical  Natives,"  may,  however,  to  a  large  extent  mask  the 
effect  of  season  when  small  gi'oups  are  dealt  with.  Further,  the  effects 
of  seasons  are  probably  dependent  on  the  meteorological  conditions 
with  which  they  are  associated ;  for  instance,  the  temperature  or 
rainfall  of  the  May  of  one  year  might  correspond  more  closely  to  that 
of  the  June  than  the  May  of  a  preceding,  or  following  year.  The 
agreement,  therefore,  between  the  rates  and  changes  in  meteorological 
conditions  might  be  greater  than  that  observed  in  the  monthly  charts. 
Alterations  of  weather  conditions  are,  no  doubt,  highly  correlated  with 
season  ;    these    facts,   nevertheless,    nuist     be    borne     in     mind    when 
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attempting  to  interpret  the  meaning  of  the  foregoing  data.*  Cold  or 
a  fall  in  temperature  is  the  constant  factor  of  the  winter  season  in  all 
parts  of  the  world.  In  the  interior  of  South  Africa  the  winter  season 
is  the  dry  and  dusty  season,  but  in  Northern  Europe  it  is  the  damp 
season. 

It  is  interesting  to  recall  that  this  view  of  the  influence  of  season 
on  the  incidence  of  pneumonia  was  realised  by  the  Greek  physicians. 
Two  of  the  aphorisms  of  Hippocrates  show  this.  Sec.  III.,  No.  19: 
"  All  diseases  occur  at  all  seasons  of  the  year,  but  certain  of  them  are 
more  apt  to  occur  and  be  exacerbated  at  certain  seasons."  In  the 
following  aphorisms  he  proceeds  to  deal  with  those  diseases  prevalent 
in  Spring,  Summer,  and  Autumn,  and  No.  23  reads  as  follows:  "  Of 
Winter,  pleurisy,  pneum.nnia,  coryza,  hoarseness,  cough,  pain  of  the 
chest,  pains  of  the  ribs  and  loins,  headache,  vertigo,  and  apoplexy."^ 

To  return  to  a  consideration  of  the  relationship  of  the  attack-rate 
to  the  case  mortality ;  this  is  of  some  importance  from  a  statistical 
point  of  view,  as  well  as,  in  its  physiological  aspect.  It  must  be 
studied  first  of  all  in  regard  to  the  tribal  distribution,  and  then  in 
respect  to  season.  The  problem  may  be  stated  in  this  way ;  is  a 
"  tribe  "  that  is  especially  prone  to  pneumonia  liable  to  a  higher  case 
mortality  than  a  "  tribe  "  less  liable  to  attack,  or  the  reverse?  In 
other  words,  does  an  increased  liability  to  attack  imply  an  increased 
liability  to  death  when  attacked?  If  this  be  so,  then  by  using  death- 
rates  to  judge  of  the  prevalence  of  attack  we  should  be  exaggerating 
any  differences  in  the  attack-rates  that  may  be  present.  The 
co-efficient  of  correlation  for  attack-rate  and  case  mortality,  in  the 
case  of  the  territorial  distribution,  is: — 

r=   3895^-1809 

but  this  value  is  unfortunately  not  a  safe  guide  owing  to  mathematical 
difificTilties,  and  to  the  introduction  of  a  spurious  correlation  due  to  the 
peculiar  nature  of  the  problem.     If  r  =  recoveries  and  d=  deaths,  the 

case  mortality  as  usually  expressed  =  100  _ .  .     If  the  case  mortality 

r  +  a 

is  constant,  then ,  is  constant,  and  d  is  proportional  to  r.     If 

r  +  a 

""     —X  then  d  =  r ? —  .     The  partial  correlation,  therefore,  of  r  with 

r-\-d  1  —  a- 

*  It  will  be  noted  that  the  seasonal  prevalence  of  pneumonia  which  is  similar  in 
the  figures  obtained  from  Europe,  America,  Australia,  and  South  Africa,  markedly 
diminishes  with  the  advent  of  warmer  weather,  and  increases  again  as  the  winter 
approaches.  This  phenomenon  is  not  consonant  with  the  theory  which  has  recently 
l)een  suggested  by  some,  that  the  house  fly  is  an  important  factor  in  the  dissemination 
of  this  disease. 
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d  for  X  constant  will  be  unity.  In  so  far  as  the  value  found  falls  short 
of  unity  it  will  be  a  measure  of  the  variability  of  x,  i.e.,  the  case 
mortality. 

We  have  already  found  the  partial  correlation: — 

,,r^^    =  •  9045  +  •  0388 

and  this  when  considered  with  its  probable  error  leaves  very  small 
grounds  for  any  assertion  that  the  case  mortality  varies,  to  any 
appreciable  extent,  with  the  attack-rate. 

Turning  now  to  seasonal  data,  we  find,  correlating  directly  the 
attack-rate  with  case  mortality: — 

r  =  — -2143+  -1342. 

The  partial  correlation  of  recoveries  with  deaths  for  constant  population 
has  been  shown  to  be:  — 

pVra    =  -8739+  -0336. 
Here,  then,  it  would  seem  that  there  is  rather  more  justification  for 
assuming  that  the  case  mortality  is  not,  within  the  limits  of  random 
sampling,  a  constant. 

The  crude  correlation  for  the  rates  in  these  two  instances  gives 
values  which,  when  considered  in  relation  to  their  probable  errors, 
cannot  be  regarded  as  significant,  and  are  of  unlike  sign. 

It  would  appear,  therefore,  that  the  case  mortality  certainly  does 
not  bear  any  close  relationship  to  the  attack-rate ;  and  the  figures  before 
us  suggest  that  an  increase  in  the  attack-rate  is  not  associated  with  an 
increase  in  the  case  mortality  from  the  disease. 
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SECTION   II. 

The  Clinical  Manifestations,  Course,  Symptoms,  and  Gross 
Morbid  Anatomy  of  Pneumonia. 

The  clinical  signs  and  symptoms  of  an  uncomplicated  case  of 
pneumonia  in  a  "  Tropical  Native  "  do  not  differ  materially  from  those 
in  a  European.  There  is,  however,  a  marked  difference  in  tempera- 
ment ;  the  Native  being  apparently  much  less  sensitive  to  the 
discomfort  of  illness  than  the  European.  As  a  result  he  frequently 
remains  at  work  when  seriously  sick  unless  under  careful  European 
supervision.  Although  the  onset  of  pneumonia  is  usually  sudden  and 
accompanied  by  high  fever,  yet  not  infrequently  the  Native  will  fail 
to  report  sick  if  left  to  himself. 

Out  of  975  cases  which  recovered,  the  fever  terminated  by  lysis 
on  503  occasions  (51-6  per  cent.)  ;  by  crisis  on  388  occasions  (34-7 
per  cent.)  ;  and  its  termination  was  atypical — i.e.,  could  not  satis- 
factorily be  classified  under  either  of  the  previous  headings — in  184 
cases  (13 '7  per  cent.).  In  the  European  statistics  which  I  have  been 
able  to  consult  the  manner  in  which  the  fever  terminated  is  usually 
classed  into  only  the  two  groups,  crisis  or  lysis  :  and  no  doubt  some 
of  those  cases  which  are  here  grouped  as  atypical  would  appear  in  the 
lysis  group,  while  others  would  possibly  have  been  classed  as  crisis. 
The  term  "  crisis  "  as  used  in  this  classification  is  understood  to 
denote  a  sudden  and  continued  fall  of  temperature  to  the  normal, 
which  is  reached  within  about  thirty-six  to  forty-eight  hours  of  the 
commencement  of  the  fall.  Where  a  sudden  fall  has  been  followed  by 
an  intermittent  temperature  for  several  days,  as  is  not  uncommon, 
the  case  has  been  classed  as  atypical,  as  also  cases  in  which  the 
temperature  has  been  intermittent  from  tbe  commencement,  apyrexial 
cases,  and  so  on.  Among  the  134  cases  classed  as  atypical  23  were 
afebrile,  and  four  were  not  admitted  to  hospital  until  after  the 
temperature  had  fallen  to  normal. 

To  consider  first  those  cases  which  terminated  by  crisis.  Out  of 
a  total  of  378  cases  there  were  43,  or  11  4  per  cent.,  that  died  after 
the  temperature  became  normal ;  25  of  these  were,  so  far  as  a 
macroscopic  post  mortem  examination  could  determine,  unaccompanied 
by  any  pathological  process  other  than  a  pneumonic  consolidation  in 
the  lungs.  Twelve  of  these  deaths  occurred  within  24  hours  of  the 
time  the  temperature  reached  the  normal :  the  remainder  were 
distributed  as  follows: — One  on  the  third,  three  on  the  fourth,  fifth 
and  seventh  respectively,  two  on  the  ninth,  and  one  on  the  seventeenth 
day. 
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Chart  VI.  shows  the  distribution  of  cases  according  to  the  day 
after  admission  on  which  the  temperature  reached  the  normal,  which, 
for  practical  purposes,  we  may  term  the  day  of  crisis.  For  comparison 
a  similar  distribution  of  4,718  cases  recorded  by  Musser  &  Norris  is 
shown,  and  also  a  series  of  873  cases  by  Aufrecht.5  The  chief  constants 
of  these  distributions  are  given  in  the  following  table:  — 

TABLE    VI. 


"  Tropical  Natives." 

Musser   &   Norris 

Aufrecht. 

Mean 

..       0- 3519+ -0849 

6-6045+ -0234 

6 

•7211+ -0596 

Mode 

..       4-5783 

5 • 8797 

5 

•9871 

O" 

..       2 -4483+ -0600 

2-3450+0165 

2 

6088+ -0421 

/5, 

..       0- 2968+ -0954 

0  -  5725  + -  0661 

0' 

5684  + - 1833 

/3  , 

..       3-2219+ -2657 

4  -  2656  +  • 2622 

4' 

4898  +  -  8972 

Type 

I. 

IV. 

IV. 

Number 

378 

4718 

878 

Here  a  word  of  caution  is  necessary,  a  death  occurring  in  the  first 
twenty-four  hours  is  considered  as  occurring  on  the  first  day,  a  death 
occurring  in  the  middle  of  the  sixth  day  would  correspond  to  a  position 
on  the  chart  of  5-5  on  the  abscissa ;  thus  the  mean  day  of  crisis  is 
given  as  5-35  days,  that  is,  it  falls  in  the  sixth  day.  A  reference  to 
Chart  VI.  will  show  that  the  two  European  distributions  are  similar 
in  type  and  position  ;  and  considering  the  value  of  their  constants  in 
relation  to  the  probable  errors  their  similarity  suggests  that  these 
curves  closely  represent  the  usual  distribution  for  "  crisis  "  in  pneu- 
monia amongst  Europeans  in  the  Northern  Hemisphere.  Both  distri- 
butions are  definitely  leptokurtic,  while  that  obtained  from  the  Native 
data  is,  within  the  limits  of  errors  of  sampling,  mesokurtic.  The 
standard  'deviation  of  all  three  distributions  is  approximately  the  same. 
The  most  marked  ditference  between  the  Native  and  European  curves 
is,  that  the  former  may  be  described  as  having  been  bodily  moved  to 
the  left  by  about  a  day  and  a  half ;  this,  if  it  be  significant  of  a 
difference  in  the  type  of  disease,  would  mean  that  the  course  of  the 
illness  is,  on  the  average,  a  day  and  a  half  shorter.  It  will  no  doubt 
occur  to  the  reader  that  this  difference  is  possibly  due  to  Native 
admissions  to  hospital  not  taking  place  until  about  thirty-six  hours 
after  the  commencement  of  the  illness,  but  I  do  not  think  this  is 
the  probable  explanation.  Although  a  Native  is  often  slow  to  volun- 
tarily report  himself  sick,  yet  in  the  W.N.L.A.  Compound  the  police 
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boys  inspect  all  compound  rooms  several  times  a  day  in  order  to 
discover  and  report  any  "  boy  "  who  appears  sick;  and,  as  the  onset 
of  this  disease  is  usually  more  or  less  sudden  and  severe,  it  seems 
hardly  likely  that  we  must  allow  an  average  of  thirty-six  hours 
between  the  onset  of  symptoms  and  admission  to  hospital.  Further, 
the  greatest  number  of  admissions  takes  place  within  the  first  twenty- 
four  hours  of  the  arrival  of  the  Natives  on  the  Rand.  During  the 
journey  from  Ressano  Garcia  they  are  under  the  supervision  of  a 
competent  European,  who  sends  any  sick  "  boy  "  to  hospital  imme- 
diately on  arrival.  If  it  should  be  thought  that  the  large  number  of 
admissions  occurring  immediately  after  the  arrival  of  the  Natives  on 
the  Rand  be  due  to  an  accumulation  of  cases  that  developed  the 
disease  prior  to  their  arrival,  then  the  case  mortality  and  length  cf 
illness  after  admission  to  hospital  might  be  expected  to  throw  some 
light  on  such  a  proposal.  These  problems  are  considered  on  pp.  25  and 
^vi,  and  it  will  be  seen  that  there  is  no  evidence  to  support  such  a 
suggestion. 

If  we  can  dismiss  as  unfounded  the  supposition  that  the  alteration 
in  the  position  of  the  Native  curve  be  due  to  the  delayed  admission 
of  cases  to  hospital,  then  we  have  evidence  that  pneumonia  runs  a 
shorter  course  amongst  "  Tropical  Natives  "  than  amongst  Europeans 
in  the  Northern  Hemisphere. 

Turning  now  to  an  examination  of  the  cases  classed  under  the 
heading  lysis.  The  distribution  of  these  cases,  grouped  according 
to  the  day  on  which  the  temperature  reached  the  normal,  is 
shown  in  Chart  VII.  It  is  more  difficult  to  obtain  data  from 
European  sources  for  comparison.  Aufrecht  in  Nothnagel's 
Encyclopedias  writes: — "  It  is  well  in  all  cases  in  which  the  drop  in 
temperature  occurs  by  lysis  to  look  for  the  existence  of  a  complication. 
Even  if  it  is  not  proper  in  such  cases  to  exclude  a  true  pneumonia 
and  accept  pneumonic  relapses  as  the  most  frequent  cause,  never- 
theless, complications  may  be  the  cause  of  a  fall  in  temperature  by 
lysis.'"  The  only  figures  he  quotes  are  the  following  from  Wagner: — 
"  In  the  years  1881  to  1883  he  (Wagner)  saw  among  199  pneumonias 
only  115  termniate  by  crisis  (26  by  protracted  crisis),  and  84  by  lysis." 
That  is  42  per  cent,  of  these  cases  ended  by  "  lysis,"  and  45  per  cent, 
by  what  would  in  this  paper  have  probably  been  called  "  crisis."  Of 
the  975  cases  in  our  records  52  per  cent,  terminated  by  "  lysis,"  and 
85  per  cent,  by  "crisis."  I  have  been  unable  to  find  any  figures 
from  European  cases  which  enable  a  detailed  comparison  with  the 
Native  cases  to  be  made.  Reference  to  the  chart  will  show  that  the 
commonest  day  for  tlie  temperature  to  reach  normal  by  "  lysis  "  is 
approximately  two  days  later  than  that  for  "crisis";  that  is,  the 
mode  is  at  6*5  days  as  against  4-3  in  the  "  crisis  "  distribution. 
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The  constants  of  the  "  lysis  "  distribution  are  given  in  the  table 
below :  — 

TABLE   VII. 
Constants  of  distribution  vhen  termination  is  by  Lysis. 


Mean 

7-4609  +  0-0802 

Mode 

6-5028 

o- 

2-8234±00567 

J8, 

0-2924  +  00724 

^2 

3-1272  +  01982 

Type 

I. 

Number 

564 

Both  the  "  crisis  "  and  the  "  lysis  "  distributions  are  very  closely 
similar  in  regard  to  their  variability,  skewness,  and  kurtosis,  the 
difference  in  the  positions  of  the  mean  and  mode  is,  however,  marked. 
This  shifting  of  the  mode  may  be  a  measure  of  the  extra  time  required 
for  the  temperature  to  fall  to  normal,  and  suggests  that  if  we  had 
been  able  to  date  the  records  of  the  cases  from  the  commencement 
of  the  fall  in  temperature  th^  two  distributions  might  have  been 
almost  identical.  If  this  be  so,  the  explanation  of  the  cause  of  a  fall 
of  temperature  by  "  lysis  "  as  suggested  in  the  extract  quoted  above 
would  not  appear  to  be  satisfactory,  at  any  rate,  if  applied  to  the 
pneumonia  of  "  Tropical  Natives." 

There  are,  however,  appreciable  differences  between  the  types  of 
the  disease  as  met  with  among  these  Natives  and  the  European 
examples  quoted ;  first,  in  the  duration  of  the  febrile  period,  and 
secondly,  in  the  smaller  percentage  of  all  cases  which  terminate  by 
"  crisis." 

If  we  form  a  table  by  entering  each  case  according  to  day  of 
termination  by  crisis,  and  day  of  admission  to  hospital  after  arrival  in 
compound,  we  find  that  the  coefficient  of  correlation  is  zero,  for 

,  =  -•0035+  -0346, 
and  thus  we  may  conclude  that  Natives  attacked  immediately  on 
arrival  are  neither  more  nor  less  likely  to  have  a  prolonged  illness  than 
those  attacked  later.  This  value  also  indicates  that  attacks  do  not 
commonly  commence  before  arrival  in  the  compound,  for  if  they  did, 
we  might  reasonably  expect  that  the  length  of  the  febrile  stage  in 
hospital  would  be  of  shorter  duration ;  unless,  indeed,  we  assume 
that  the  exposure  and  lack  of  proper  treatment  before  admission 
increased  the  severity  of  the  attack,  in  which  case  the  mortality  among 
the  earlier  cases  should  be  higher  than  the  later,  which  it  is  not. 
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The  same  statements  apply  to  the  group  of  cases  in  which  the 
pyrexial  stage  terminates  by  "lysis."  From  a  similarly  constructed 
table  the  value  of  the  correlation  is  found  to  be 

r=-   0258+ -0282. 
The  ratio  of  cases  in  which  the  fever  terminated  by  "  lysis  "  to 
those  terminated  by  "  crisis  "  is  shown  in  Table  VIII.,  for  periods  of 
five  days. 

TABLE   VIII. 
Ratio  of  cases  tcDninating  by  lysis  to  those  by  crisis. 


30  and 

Days 

...     Total 

0-4 

5-9 

10-14 

15-19 

20-24 

25-29 

over. 

Crisis 

...       378 

122 

81 

59 

46 

33 

7 

30 

Lysis 

...       564 

167 

127 

99 

95 

37 

15 

24 

Eatio 

...       149 

137 

157 

168 

203 

112 

214 

80 

We  have  already  referred  to  the  hypothesis  that  a  termination  by 
"  lysis  "  indicates  a  different  type  of  attack,  and  have  quoted  one 
author's  opinion  that  a  fall  of  the  temperature  by  "  lysis  "  probably 
indicates  the  presence  of  some  complication ;  we  can,  therefore, 
proceed  to  examine  this  problem  from  another  point  of  view.  The 
duration  of  convalescence  after  the'  temperature  has  reached  the 
normal  will  enable  us  to  form  some  opinion  as  to  the  degree  of  severity 
of  the  attack,  and  also  as  to  the  probable  presence  of  complications. 
Table  IX.  gives  the  chief  constants  of  the  distributions  for  recoveries 
from  pneumonia  after  termination  of  the  fever  by  "  crisis  "  and 
"  lysis  "  respectively,  according  to  the  number  of  days  spent  in 
hospital  after  the  temperature  reached  normal.  Cases  in  which  u 
second  attack  followed  the  first  before  discharge  from  hospital  have 
been  omitted  from  botli  distributions. 

TABLE    IX. 

Constants  (if  distribution  for  days  in  Jtospital  after  the  febrile  stage. 


Crisis. 

Lysis. 

Mean 

10 -969710  • 

1906 

10-2889  +  0-1589 

Mode 

5 • 3337 

5-4325 

(T 

5-1336  +  0 

1348 

4-9858  +  0-1124 

B, 

1  -  8809 

2-0976 

0.. 

5 • 0645 

5  -  5951 

Start 

5 • 1036 

4-8854 

Number 

330 

488 

Type  I 

Type  I. 
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There  is  no  significant  difference  between  these  two  distributions, 
and  any  suggestion  that  a  fall  of  temperature  by  "  lysis  "  is  due  to 
complications  which  are  likely  to  delay  convalescence  is,  as  regards 
these  figures,  quite  unjustified.  Further,  we  may  remark  that  there 
is  only  a  very  small  correlation  between  the  day  of  illness  on  which 
"  crisis  '"  took  place  and  the  length  of  time  spent  in  hospital  after  the 
temperature  became  normal ;  that  is,  patients  who  have  a  short  attack 
of  fever  do  not  seem  on  the  average  to  convalesce  more  rapidly  than 
those  in  which  the  pyrexial  stage  lasts  longer.  It  may  here  be 
remarked,  that  usually  owing  to  pressure  of  cases  for  admission  the 
patients  are  discharged  from  hospital  as  soon  as  it  is  safe  to  do  so. 
In  the  W.N.L.A.  Hospital  there  is  no  routine  period  of  retention  after 
the  febrile  stage  is  over.  The  absence  of  any  fixed  period  of  retention 
is  shown  by  the  variability  of  the  distributions — as  shown  in  Table  IX. 
by  the  standard  deviations.  The  pressure  of  new  cases  sometimes 
necessitates  the  discharge  of  cases  to  the  convalescent  rooms  before 
they  would  otherwise  have  been  so  transferred,  and  it  is  probable  that 
those  whose  attack  is  of  shorter  duration  would,  other  things  being 
equal,  be  the  first  to  be  sent  out,  and  thus  this  factor  may  possibly 
account  for  the  small  correlation  actually  found.     The  values  are:  — 

(1)  Day  on  which  temperature  reached  normal  by  "  crisis  "'  with 
days  spent  in  hospital  after  normal  temperature  was  reached. 

/•=    0823+ -0369. 

(2)  Day  on  which  temperature  reached  normal  by  "lysis  "  with 
days  spent  in  hospital  after  normal  temperature  was  reached. 

r=    1194+  -0301. 

It  would  seem  then  that  the  fall  of  temperature  to  normal  marks 
a  definite  stage  in  the  disease,  probably  the  termination  of  the  infective 
process,  and  that  thereafter  the  stage  of  convalescence  is  very  little 
influenced  by  the  length  of  the  previous  pyrexia. 

It  is  of  some  importance  to  try  and  determine  on  rational  grounds 
the  stage  at  which  we  may  consider  the  disease  to  have  ended,  in 
order  that  we  may  be  able  to  distinguish  between  an  extension  of  an 
established  pneumonic  process  and  a  new  attack. 

In  considering  the  question  of  the  termination  of  the  attack  in  the 
light  of  modern  theories  of  acquired  immunity,  the  investigation  of 
second  attacks  is  of  considerable  interest  and  importance.  We  must 
first  consider  what  meaning  we  shall  attach  to  the  terms  "  second 
attack,"  "recurrence,"  and  "extension  of  the  disease."  Is  there 
any  essential  difference  in  meaning  between  these  terms? — and  if  so, 
in  what  does  it  consist?  It  is  quite  easy  to  understand  that  a  gradually 
spreading  pneumonic  process  in  a  lung,  where  we  may  assume  that 
immunity  has  not  yet  been  established,  is  totally  different  to  a  new 
infection  occurring  after  a  period  of  return  to  normal  health ;  but  is 
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there  any  essential  difference  in  the  pathological  process  involved  in 
a  gradually  spreading  consolidation,  and  a  more  or  less  sudden  affection 
of  a  hitherto  unaffected  lobe  during  the  course  of  the  febrile  period? 
If  we  assume  that  these  two  conditions  are  but  different  manifestations 
of  a  similar  process  then  we  must  enquire  at  what  stage  in  the  course 
of  the  disease,  or  at  what  stage  during  or  after  convalescence,  we  are 
entitled  to  consider  the  reappearance  of  symptoms  as  a  "  second 
attack."  It  will  be  noticed  that  the  word  "  recurrence  "  is  not  used, 
because  this  word  does  not  seem  to  denote  a  process  essentially 
different  from  a  second  attack,  unless  it  refers  to  a  recrudescence  of 
the  original  infection.  In  this  case,  the  time  factor  alone  can  separate 
it  from  "  extension  of  the  disease,"  and  any  such  difference  must  of 
necessity  be,  it  seems  to  me,  purely  arbitrary.  The  term  "recurrence" 
seems  to  be  applied  indifferently  to  two  probably  separate  conditions, 
and  in  this  category  may  be  found  cases  belonging  to  both  the  above 
classes ;  if  this  be  so,  then  the  use  of  this  word  merely  serves 
further  to  obscure  an  already  somewhat  difficult  problem.  It  will,  I 
think,  be  readily  admitted  that  if  the  length  of  time  after  the  first 
invasion  be  the  only  difference  between  a  "  recurrence  "  and  a 
"  second  attack  "  it  will  help  to  simplify  our  ideas  if  we  drop  the 
former  term ;  if  on  the  other  hand  an  essential  difference  between  the 
processes  exist  we  must  reintroduce  it  when  the  difference  has  been 
scientifically  defined. 

In  this  connection  the  leading  text-books  of  medicine  do  not, 
unfortunately,  give  us  much  assistance.  Sir  W.  Osier, 7  under  the 
heading  Previous  Attach,  writes: — "  No  other  acute  disease  recurs  in 
the  same  individual  with  such  frequency.  Instances  are  on  record  of 
individuals  who  have  had  ten  or  more  attacks.  The  percentage  of 
recurrences  has  been  placed  as  high  as  fifty.  Netter  gives  it  as 
thirty-one,  and  he  has  collected  the  statistics  of  eleven  observers  who 
place  the  percentage  at  26-8.  Amongst  the  highest  figures  for 
recurrences  are  those  of  Benjamin  Rush,  28,  and  Andeal,  16."  Under 
the  heading  Relapse,  we  find  the  following  remarks: — "  There  are 
cases  in  which  from  the  ninth  to  the  eleventh  day  the  fever  subsides, 
and  after  the  temperature  has  been  normal  for  a  day  or  two  a  rise 
occurs  and  fever  may  persist  for  another  ten  days  or  even  two  weeks. 
Though  this  might  be  termed  a  relapse,  it  is  more  correct  to  regard 
it  as  an  instance  of  an  anomalous  course  of  delayed  resolving. 
Wagner,  who  has  studied  the  subject  carefully,  says  that  in  his  large 
experience  of  1,100  cases  he  met  with  only  three  doubtful  cases. 
When  it  does  occur,  the  attack  is  usually  abortive  and  mild."  The 
meaning  of  this  quotation  appears  to  me  obscure.  In  the  first  extract 
"previous  attacks"  are  spoken  of  as  "recurrences,"  and  we  must 
therefore  regard  these  terms  as  synonymous ;  further  we  are  told  that 
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such  events  occur  frequently.  A  "  relapse  "  is  apparently  some 
condition  of  rare  occurrence,  and  the  context  makes  it  imj)Ossible  to 
give  the  word  its  usual  meaning,  as  applied  to  the  patient  in  contra- 
distinction to  a  phase  of  the  disease. 

Aufrecht,  in  the  article  "  Inflammation  of  the  Lungs, "5  writes:- — 
Also  in  adults  pneumonias  may  occur  repeatedly.  .  .  .  According  to 
Biesell's  experiences,  among  every  hundred  pneumonias  almost  regu- 
larly 50  represent  first  attacks,  32  second,  15  third,  while  the  remaining 
3  represent  a  fourth,  or  even  more  frequently  repeated  attack." 
]\Iusser  &  Norris6  state: — "Among  the  writer's  cases  collected  in 
reference  to  this  subject  1,015  out  of  11,811  had  previous  attacks  (13-0 
per  cent.),  and  of  246,  189  were  in  the  second,  33  in  the  third,  18  in 
the  fourth,  3  in  the  fifth,  1  in  the  sixth,  1  in  the  eighth,  and  1  in  the 
ninth  attack." 

These  extracts  show  that  "  recurrences,  '  and  "  second  attacks 
are  well  recognised  conditions,  and  not  uncommon ;  but  no  definition 
of  the  differences,  if  any  be  implied  by  these  terms,  is  given. 

In  any  case  of  pneumonia  the  consolidation  may  be  limited  .to  one 
lobe,  but  not  infrequently  two  or  more  lobes  are  affected.  If  the 
neighbouring  lobe  is  most  commonly  involved  by  a  direct  extension 
of  the  infective  process  we  ought  to  find  two  adjacent  lobes  more  often 
attacked  than  two  lobes  not  in  dii'ect  contact.  A  reference  to  Table  X., 
page  28,  shows  that  there  were  247  cases  in  which  two  lobes  only  were 
affected,  and  gives  the  distribution  of  the  pairs  affected.  The  data  in 
this  table  were  obtained  entirely  from  post  mortem  examinations.  Out 
of  213  cases  where  only  one  lobe  was  affected  the  percentage  distribu- 
tion was  as  shown  in  Column  (1).  Assuming  that  the  first  lobe  of  the 
affected  pairs  followed  a  similar  distribution,  and  that  of  the  remaining 
four  unattacked  lobes  the  rate  of  those  attacked  would  be  in  a  similar 
ratio,  we  can  calculate  the  distribution  of  pairs  to  be  expected.  It 
is  given  in  Column  (2)  to  the  nearest  unit.  The  observed  distribution 
is  shown  in  Column  (3) ,  and  the  differences  in  Column  (4) . 

We  see  that  adjacent  lobes,  that  is  the  upper  and  middle,  and 
middle  and  lower,  on  the  right  side,  and  the  upper  and  lower  on  the 
left,  are  more  frequently  both  attacked  than  they  ought  to  be  on  our 
assumption,  while  one  lobe  of  each  king,  excluding  both  lower  lobes, 
occurs  much  too  seldom.  It  may  quite  fairly  be  objected,  that 
considering  the  anatomical  structure  of  the  right  lung,  we  are  not 
justified  in  regarding  the  middle  lobe  as  an  anatomical  entity,  and 
that  it  should  be  considered  merely  as  a  portion  of  the  upper  lobe  ; 
for  much  of  it  is  directly  continuous  with  this  lobe.  If  then  we 
recalculate  our  table  and  add  to  the  total  number  of  pairs  formed  by 
the  upper  and  lower,  and  middle  and  lower,  the  group  "  all  three  right 
lobes  "  we  obtain  by  a  similar  process  the  results  shown  in  Table  XI., 
page  28. 
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TABLE   X. 


Distribution  per 

cent,  of  lobes 

Expected 

( )bscrved 

Differ 

■ence  (Coluran  3 

affected  when 

Distribution 

Distributioi] 

nuMUs 

only  one  lobe  is 

for  paiis. 

fur  pairs. 

( 

'dluniii    2.) 

involved. 

(1) 

(■-') 

(3) 

(4) 

{Upper . 
Middle 


L. 


Lower . . . 
(Upper ... 


Lower . . . 


24-0        Upper  &  Middle  4 

2-8        Lower  ,,         ,,  5 

30-4         E.  Upper  &  Lower  50 

67         L.  Upper  &  Lower  16 

36-1        Both  Upper  9 

,,     Lower  82 

Unpaired  lobes  in 


two  lungs 


81 


16 
16 
37 
68 
6 
83 

21 


+   12 
+  11 

—  13 
+  52 

—  3 
+     1 

—  60 


Total 


247 


247 


TABLE   XI. 


Expected 

distribution 

for   pairs. 

Observed 

distribution 

for  pairs. 

Difference, 

R.  Upper  and  Lower 

85 

151 

+  66 

L.  Upper  and  Lower 

17 

68 

+  51 

Both  Upper 

16 

6 

-10 

Both  Lower 

92 

83 

-  9 

Unpah'ed    lobes    in 
two  lungs 

119 

21 

-98 

TABLE   XII. 


Expected 
distribution 

Observed 

distribution 

Difference. 

for   pairs. 

for  pairs. 

R.  Upper  and  Lower 

86 

151 

+  65 

L.  Upper  and  Lower 

19 

68 

+  49 

Both  Upper 

18 

6 

-12 

Both  Lower 

90 

83 

-  7 

Unpaired  lobes  in 
two  lungs 

116 

21 

-95 
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Again  we  see  that  an  affection  of  adjacent  lobes  is  in  very  marked 
excess  of  the  theoretical  number.  From  both  tables  we  may  conclude 
— accepting  the  above  hypothesis  as  correct — that  at  least  one-third 
of  the  infections  of  second  lobes  are  due  to  direct  extension  of  the 
disease  from  lobe  to  lobe.  If  we  further  assume  that  the  reverse  of 
the  proposition  is  also  true,  and  that  in  two-thirds  of  the  cases  the 
second  lobe  becomes  affected  by  a  new  focus  of  the  disease  (arising 
from  some  cause  other  than  direct  extension) ,  we  must  also  assume 
that  this  new  centre  might  appear  in  the  lobe  which  had  been  first 
affected.  Reconstructing  our  table  on  this  assumption,  we  obtain  the 
results  shown  in  Table  XII.,  page  28. 

This  again  demonstrates  the  same  phenomenon,  and  we  have, 
therefore,  some  justification  for  assuming  that  the  infective  process 
may  spread  by  direct  extension  from  lobe  to  lobe. 

Let  us  provisionally  consider  all  cases  in  which  the  temperature 
rises  after  it  has  been  normal  for  twenty-four  hours  or  more,  when  the 
rise  is  accompanied  by  a  reappearance  of  the  signs  and  symptoms  of 
pneumonia,  to  be  "second  attacks."  The  cases  have  been  divided, 
(Tables  XIII.  and  XIV.)  according  to  the  length  of  the  period  between 
the  end  of  the  first  attack,  as  previously  defined,  and  the  commence- 
ment of  the  second ;  so  that  if  this  definition  does  not  satisfy  the 
reader  he  can  see  how  great,  or  how  little,  a  difference  will  be  made 
h\  excluding  such  cases  as  he  may  desire  from  the  distribution,  and 
considering  them  as  recrudescences  of  the  first  attack. 

When  attempting  to  estimate  the  frequency  of  second  attacks 
considerable  difficulty  arises  in  determining  the  size  of  the  population 
in  which  the  second  attacks  arose,  and  only  in  the  "8,000  experiment" 
can  this  be  obtained  with  approximate  accuracy  for  a  period  exceeding 
one  month.  From  the  number  attacked  during  each  month  of 
residence  on  the  Rand  must  be  deducted  (1)  the  number  of  deaths 
during  first  attacks,  (2)  the  number  of  deaths  from  other  causes,  and 
(3)  the  number  repatriated.  The  resulting  populations  are  given  in 
Table  XIIIa.  This  table  is  to  be  read  thus:  In  the  first  row,  and 
first  column,  is  found  the  number  168,  which  indicates  that  there 
were  168  Natives  who  recovered  from  an  attack  of  pneumonia  con- 
tracted during  their  first  month  of  residence  on  the  Rand,  and  who 
remained  mider  observation  for  thirty  days  after  recovery.  In  the 
first  row,  and  second  column,  the  figure  151  occurs,  which  indicates 
that  the  population  from  which  second  attacks  were  possible  during 
the  second  period  of  thirty  days  from  the  end  of  a  first  attack  con- 
tracted within  a  month  of  arrival,  had  been  reduced  by  seventeen. 
In  Table  XIIIb.  the  actual  number  of  second  attacks  is  given, 
according  to  the  date  of  occurrence  of  first  attack,  and  the  length  of 
time  after  recovery  before  the  second  was  contracted.  In  Table  XIIIc. 
the  rates  per  month  per  thousand  of  population  are  given. 
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TABLE    XITI.    A. 

Population,     i.e.,     number     of     "  boys  "      exposed    to    risk    of   second    attack. 


Month  after 

arrival   in 

which 

Monti 

IS  after 

terminE 

ition  of 

1st  attack. 

1st  attack 

occurred. 

1 

2 

3 

4 

5 

6 

Total. 

1st 

168 

151 

139 

127 

115 

104 

804 

2nd 

136 

133 

123 

115 

113 

620 

3rd 

92 

85 

80 

75 

332 

4th 

53 

48 

47 

148 

5th 

76 

73 

149 

6th 

40 

40 

Total 

565 

490 

389 

317 

228 

104 

2093 

TABLE   XIII.    B. 

Number  of  second  attacks. 


Month  after 

arrival   in 

which 

M( 

)nths 

;  after 

term  in 

lation  of  1st 

attack. 

1st  attack 
occurred. 

1 

2 

3 

4 

5 

6 

Total. 

1st 

12 

2 

6 

3 

5 

4 

32 

2nd 

1 

5 

4 

1 

0 

11 

3rd 

5 

2 

3 

0 

10 

4th 

2 

0 

0 

2 

5th 

2 

2 

4 

6th 

1 

1 

Total 

23 

11 

13 

4 

5 

4 

60 

TABLE 

XIII. 

c. 

Rates 

per  th 

ousand. 

Month  after 
arrival  in 

which 
1st  attack 
occurred. 

Monthi 
1 

i  after 
2 

termination  of 
3              4 

1st 

attack 
5 

6 

Average 

Monthly 

Eate. 

1st 

71 

13 

43 

24 

43 

38 

40 

2nd 

7 

38 

33 

9 

0 

18 

3rd 

54 

24 

38 

0 

30 

4th 

40 

0 

0 

14 

5th 

26 

27 

27 

6tb 

25 

25 

41 

22 

33 

13 

22 

38 

28-7 
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It  will  be  noticed  that  there  is  apparently  a  tendency  for  the  rates 
to  fall  as  the  length  of  residence  on  the  Eand  increases, 
a  phenomenon  also  observed  for  first  attacks.  Further,  although 
the  rates  are  irregular  owing  to  their  having  been  calculated 
from  small  numbers,  there  seems  to  be  a  tendency  for 
second  attacks  to  become  less  common  as  the  interval  after 
the  first  increases.  It  must  be  remembered  that  the  numbers  in 
column  (1)  of  Table  B.  must  be  too  small,  as  second  attacks,  which 
occur  befoi'e  discharge  to  work,  were  not  notified  by  the  mine 
authorities;  and  there  will,  therefore,  be  few  or  no  cases  in  the  mine 
records  occurring  within  fourteen  to  twenty-one  days  after  the  first 
attack.  The  mean  monthly  attack-rate  for  the  six-month  period  is 
28 "7  per  thousand,  which,  as  we  have  just  seen,  must  be  somewhat 
too  low  for  the  period  dealt  with  in  the  tables.*  The  mean  monthly 
attack-rate  for  first  attacks  out  of  the  whole  population  for  the  same 
period  is  22  "3  per  thousand. 

Out  of  1,129  Natives  who  recovered  from  pneumonia  in  the 
W.N.L.A.  Compound  Hospital  eighty  had  a  "  second  attack  "  within 
thirty  days  from  the  termination  of  the  pyrexial  period  of  the  first 
attack  ;  the  distribution  in  days  after  first  attack  is  shown  below:  — 

TABLE   XIV. 

Day   after  termination  of  Number    of   cases 

fever   of  first    attack.  of    "  second    attacks.'" 
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0 

1 

2 

3 

4 

5 

fr— 10  17 

11—15  14 

16—20  12 

21—30  7 

Total  80 

The  population  throughout  this  period  remained  practically  constant, 
and  we  therefore  find  a  rate  of  seventy  per  thousand  for  second 
attacks  occurring  within  thirty  days  of  the  end  of  the  first  attack,  as 
against     a    rate     of    forty    per     thousand    for     primary     pneumonias 

I  Owing  to  the  construction  of  the  table,  the  rates  for  the  columns  will  be 
progressively  too  high  as  the  period  increases ;  for  the  attack-rate  for  second  attacks 
apparently  decreases  with  increase  both  in  period  of  residence  and  length  of  interval 
after  the  first  attack.  This  defect  in  the  table  is  luiavoidable,  as  the  period  of 
observation  was  limited  to  six  months.  Further,  in  reference  to  this  table  the 
remarks  made  in  connection  with  the  effect  of  prophylactic  inoculation  must  be  borne 
in  mind   (see  p.  89) . 
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originating  within  about  a  month  from  the  date  of  aiTival  of  the 
Natives  in  Johannesburg. 

These  figures,  showing  that  amongst  "  Tropical  Natives  "  in  the 
W.N.L.A.  Compound  "  second  attacks  "  amongst  the  attacked  are 
more  frequent  than  "  first  attacks  "  among  the  whole  population,  may 
indicate  that  one  attack  predisposes  to  a  second ;  or  that  we  are 
dealing  with  a  particularly  susceptible  population  selected  as  such  by 
the  first  attacks.  The  question  is  one  of  considerable  difficulty,  and 
in  considering  it  one  must  not  lose  sight  of  the  fact  that  "  second 
attacks  "  appear  to  become  less  common  as  the  period  after  the  fii'st 
increases  ;  if  this  be  a  rule  then  it  would  lend  support  to  the  suggestion 
that  the  first  attack  actually  predisposes  to  the  second.  The 
mechanism  of  recovery  would,  however,  be  difficult  to  understand  on 
the  basis  of  modern  theories  of  immunity,  unless  we  may  accept  the 
suggestion,  piit  forward  in  the  footnote  on  p.  42,  that  real  differences 
in  strains  of  pneumococci  do  occur,  and  are  of  pathological  significance. 

The  distribution  given  in  Table  XIV.  is  shown  graphically  in 
Chart  IX.  with  its  theoretical  curve.  This  curve  is  of  the  "  J  "  type, 
and  starts  at  0'45  of  a  day  after  the  termniation  of  the  pyrexial 
period  of  the  first  attack  and  ends  at  36  "03  days.  It  is  well  known 
that  the  probable  error  of  the  start  and  end  of  these  "  J  "  shaped 
curves  is  large,  and  further,  that  no  satisfactory  correction  for  the 
crude  moments  has  as  yet  been  described  ;  we  must  not,  therefore, 
lay  too  much  stress  on  the  fact  that  the  theoretical  curve  terminates 
as  shown.  This  fact,  however,  may  suggest  that  second  attacks  are 
not  all  similar  in  character,  and  that  those  occurring  after,  say,  the 
first  month,  owe  their  origin  to  a  different  set  of  causes.  Moreover, 
there  is  in  our  previous  figures  f Table  XITI.)  a  suggestion  that  the 
rate  may  fall  in  the  second  month  after  attack  and  rise  again  in  the 
third,  but  owing  to  the  smallness  of  the  numbers  and  to  other  sources 
of  error  it  will  not  be  wise  to  do  more  than  note  these  irregularities. 
Thus  while  not  affirming  that  there  is  any  demonstrable  difference  in 
the  earlier  and  later  distributions  of  second  attacks,  we  must  keep 
an  open  mind  on  the  question  imtil  fuller  data  are  available  for 
investigation.* 

*  The  meflical  officers  of  the  Crown  Mines  have  very  kindly  obtainerl  for 
ine  the  subsequent  history  of  all  cases  of  pneumonia  occurring  amonjjst  all 
Xatives  employed  on  these  mines  for  a  period  of  one  year,  and  the  number  of 
second  attacks.  These  returns  enable  us  to  calculate  the  population  at  risk  for  each 
month  for  a  twelve  months  table ;  but  only  tables  corresponding  to  those  of 
Table  XIIT.  are  here  reproduced.  Two  cases  of  second  attacks  occurred  in  the  portion 
of  the  table  not  reproduced,  and  the  monthly  attack-rate  for  second  attacks  for  the 
twelve  months  table  is  7-5  per  thousand.  It  should  not  be  overlooked  that  these 
figures  refer  to  all  Natives — Union  Natives,  East  Coast  Natives,  and  "  Tropical 
Natives,"  and  ax-e  not  confined  to  the  latter  group  as  are  those  of  Table  XITT.     The 
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primary  attack-rate  for  pneumonia  is  much  lower  amon^  the  former  groups  than 
among  "Tropical  Natives."  The  total  monthly  attack-rate  for  the  year  1912-1913 
was  approximately  3-80  per  thousand. 

Tables  for  "  second  attacks  "  from  Crown  Mines  data  : — 


A.    Population,     i.e..     number     of     "  boys  "      exposed    to   risk    of   second   attack. 


Month  after 
arrival   in 

which 
1st  attack 
occurred. 

Months 
1 

i  after  terminal 
2              3 

ion  of  Ist 
4 

annck. 
5 

6 

let 

106 

95 

85 

75 

65 

47 

473 

2nd 

93 

83 

74 

68 

61 

379 

3rd 

5-5 

47 

43 

36 

181 

4th 

52 

46 

40 

138 

5th 

35 

32 

67 

6th 

31 

31 

372 

303 

242 

179 

126 

47 

1269 

B. 

\umher   of 

second  atti 

icks. 

Month  after 

arrival   in 

which 
Ist  attack 
occurred . 

Month 

1 

s  after 
2 

termina 
3 

tion  of  1st 
4 

attack. 
5 

6 

1st 

0 

1 

1 

0 

0 

0 

2 

2nd 

•2 

1 

0 

1 

2 

6 

3rd 

1 

0 

1 

0 

2 

4th 

0 

2 

2 

4 

oth 

0 

0 

0 

6th 

0 

0 

3 

4 

4 

1 

2 

0 

14 

C. 

Rates  pi 

;r  thousand. 

Month  after 
arrival   in 

which 
1st  attack 
occurred. 

Months  after 
1              2 

terminal 
3 

tion  of  1st 
4 

attack. 
5 

6 

1st 

0 

11 

12 

0 

0 

0 

4 

2nd 

22 

12 

0 

15 

33 

16 

3rd 

18 

0 

23 

0 

11 

4th 

0 

44 

50 

29 

Sth 

0 

0 

0 

6th 

0 

0 

8 

13 

17 

6 

17 

0 

11 
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Eeference  has  already  been  made  to  the  case  mortality  among 
primary  attacks,  and  we  have  seen  (Table  TI.)  that  the  average  rate 
for  all  groups  of  "  Tropical  Natives  "  attacked  in  the  W.N.L.A. 
Compound  is  39-2  per  cent.  The  European  case  mortality  for  this 
disease  is  given  in  the  text  books  as  varying  from  5  to  50  per  cent, 
and  over,  for  persons  between  20  to  40  years  of  age.  The  European 
hospital  case  mortality  is  recorded  as  being  from  20  to  40  per  cent., 
but  is  on  the  average,  higher  than  that  obtained  from  the  returns  of 
private  practitioners.  Whether  this  difference  is  a  result  of  hospital 
treatment,  or  is  due  to  the  selected  character  of  the  hospital  popula- 
tion, it  is  impossible  to  judge,  as  I  have  been  unable  to  find  any  records 
of  the  case  mortality  for  patients  who  might  be  fairly  considered 
comparable  to  those  usually  found  in  hospital,  but  who  have,  notwith- 
standing, been  treated  outside.  We  have  already  seen  that  there  is 
probably  no  appreciable  correlation  between  variations  in  the  attack- 
rate  and  the  case  mortality,  whether  the  increased  attack-rate  be 
"  tribal  "  or  "  seasonal  "  in  origin.  The  case  mortality  does  not  show 
any  reduction  with  an  increase  in  the  length  of  residence  although  the 
attack-rate  rapidly  falls.  Table  XV.  gives  the  rates  for  five-day 
periods. 

TABLE   XV. 

DayH  after  arrival  on  the  Rand  before  admhfiinn  to  hospital. 

.5-9  10-14  1.5-19  20-24  25-29  30-34  .35-       Total 

388  314  275  157  55  37  58     1809 

155  140  100  59  .31  13  25       709 

Case  mortality  per  cent.  .35-9      39-8  44 -fi  36  4  .37-6  .56-4  35-1  43-2     39-2 

We  should  not  expect,  therefore,  to  find  that  the  case  mortality  from 
second  attacks  would  be  lower  than  that  from  first  attacks  on  the 
ground  that  a  second  attack  must  occur  at  a  later  date. 

Out  of  sixty  cases  of  second  attacks  occurring  over  a  period  of 
six  months  in  the  group  of  8,123  "  boys  "  (the  "  8000  experiment  ") 
there  were  thirteen  deaths,  giving  a  case  mortahty  of  21-7  per  cent., 
as  against  a  case  mortality  of  32-1  per  cent,  for  first  attacks  in  this 
group.  Out  of  eighty  second  attacks  occurring  in  the  W.N.L.A. 
Compound  Hospital  twenty-six  died,  giving  a  case  mortality  of  32-5 
per  cent.,  as  against  39-2  per  cent,  for  first  attacks  occurring  in  the 
same  group.  Thus  in  both  groups  we  see  that  there  is  an  apparent 
reduction  in  the  case  mortality  from  second  attacks  ;  at  any  rate,  when 
they  occur  within  a  comparatively  short  period  after  the  first.  It 
must  be  remembered  that  the  numbers  are  small  and  the  probable 
errors,    therefore,    large.      Using   the    ordinary    formula    mp± -674^9 


Day   after   arrival 

...     0-4 

Cases 

...     .525 

Deaths 

...     186 
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\/  mpq  (which  considering  the  relative  size  of  p  and  q  is  probably  legiti- 
mate), we  find  the  expected  number  of  deaths  in  the  first  ease  to  be 
19  "5 +  2 '44  as  against  the  observed  13,  and  31 '6  +  2 '94  as  against  the 
observed  26  in  the  second.  If  we  form  a  "  four  fold  table,"  and 
calculate  the  value  of  x"  in  each  case  we  reach  P=-4016  and 
P=  -7149.*  These  values  show  that  the  results  may  not  improbably 
have  arisen  owing  to  errors  of  small  samples.  This  reduction  in  case 
mortality,  if,  however,  it  be  significant,  may  perhaps  be  due  to  the 
fact  that  those  individuals  who  are  least  able  to  resist  the  invasion  are 
eliminated  from  the  population  by  the  first  attack,  and  if  this  were  so, 
any  assumption  in  regard  to  an  acquired  resistance  by  virtue  of  a  first 
attack  would  be  unnecessary. 

It  may  be  pointed  out  that  third,  and  even  fourth,  attacks  may 
occur  within  short  periods.  Amongst  eighty  Natives  who  contracted 
second  attacks  and  whose  history  is  known  for  a  period  of  six  months, 
six  had  a  third  attack,  and  one  of  these  a  fourth. 

In  Table  XVI.,  p.  36,  an  analysis  of  the  macroscopic  post-uwrtrni 
appearances  in  688  cases  of  pneumonia  is  given.  The  term  pneumonia, 
here  as  elsewhere,  is  applied  only  to  cases  in  which  consolidation  of 
the  lung  was  present,  and  fatal  cases  of  pneumococcal  infections  not 
accompanied  by  consolidation  of  the  lung  have  been  omitted,  as  for 
example  pneumococcal  meningitis  unaccompanied  by  pneumonia. 

Meningitis  was  a  complicating  factor  in  10-5  per  cent,  of  the  fatal 
pneumonias  recorded  in  this  table.  In  85  per  cent,  of  these  cases  the 
vertex  of  the  cerebrum  was  affected,  and  this  accords  with  the 
experience  of  other  observers  that  this  site  is  commonly  involved  in 
meningitis  of  pneumococcal  origin.  The  number  of  these  cases  of 
pneumonia  complicated  with  meningitis  gives  a  much  higher  rate  than 
those  recorded  by  Musser  &  Xorris,6  or  by  Aufrecht.5  In  our  series 
the  cranial  cavity  was  examined  in  every  instance,  and  we  are  not 
informed  whether  this  precaution  was  always  taken  by  the  observers 
quoted  by  these  authors.  The  insidious  onset  of  this  complication 
and  the  uncertain  character  of  the  symptoms  often  makes  the  diagnosis 
of  pneumococcal  meningitis  during  life  one  of  great  difficulty,  and  in 
practice  it  is  not  rare  to  find  exudation  on  the  meninges  in  cases  in 
which  meningitis  had  not  been  suspected  during  life.  The  absence 
of  symptoms  may  be  due  to  the  fact  that  not  infrequently  the  vertex 
is  the  only  region  affected.  Musser  &  Noi'ris  write: — "  Among  49,028 
collected  clinical  cases  meningitis  occurred  in  206  (0'24  per  cent, 
(sic)  ),  and  at  autopsy  in  180  out  of  4,833  (3-5  per  cent,  (sic)  ). 
The  percentages  are  actually  0-42  per  cent,  and  37  per  cent, 
respectively,   if  the  numbers  stated  are  correct.      .Aufrecht  writes: — 

*  See  footnote  to  p.  52. 
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Morbid  Anatomy. 

TABLE    XVI. 

Analysis  of  macroscopic   leasions  found  on  post-mortem   examination 
of  688  fatal  cases  of  pneumonia  am.ongst  "  Tropical  Natives  "  dying 


inu . 

(Jrgan  affected. 

Ntiiuher  of 
Cases 

Pei'cetitaKe  in 
sub  Group. 

Percentage  of 
Total  Cases. 

Vertex 

25 

34-7 

3-63 

Base 

7 

9-7 

1-02 

4= 

Ventricles     ... 

2 

2-8 

0-29 

DC 

a 

"a 

Vertex  and  Ventricles 

2 

2-8 

0-29 

Base  and  Ventricles... 

2 

2-8 

0-29 

Base  and  Vertex 

17 

23-6 

2-47 

Base  and  Vent,  and  Vert. 

17 

23-6 

2-47 

Total     ... 

72 

100-0 

10-47 

a> 

Purulent 

25 

37-3 

3-63 

OJrO 

Serous 

Total     ... 

42 
67 

62-7 
1000 

611* 

9-74 

+3    >> 

Eight  Chest 

92 

33  1 

13-37 

Left  Chest  ... 

63 

22-7 

916 

o  a 

Both  Chests 

123 

44-2 

17-88 

Total     ... 

278 

1000 

40-41 

Empyema 

19 

2-76 

Upper  Lobe 

51 

17-6 

7-41 

Middle  Lobe 

6 

21 

0-87 

Lower  Lobe 

65 

22-5 

9-45 

Upper  and  Middle     ... 

16 

5-5 

2-33 

Middle  and  Lower    ... 

16 

5-5 

2,-33 

QO 

Upper  and  Lower     ... 

37 

12-8 

5-38 

M 

Three  Lobes 

98 

33-9 

14-24 

Total      ... 

289 

100-0 

42-01 

Upper  Lobe 

14 

8-8 

2-03 

■12  &c 

Lower  Lobe 

77 

48-4 

11-19 

J  3 
^  J 

Both  Lobes 

68 

42-8 

9-88 

Total     ... 

1.59 

100-0 

2311 

Both  Bases 

83 

39-5 

12  06 

DC 

a 

Both  Apices 
Two  Lobes  ... 

6 

21 

2-9 
100 

0-87 
3  05 

J 

Three  Lobes               ... 

54 

•25-7 

7-85 

^ 

Four  Lobes 

37 

17-6 

5-38 

b 

PQ 

Five  Lobes 

9 

4-3 

1-31 

Total     

210 

100-0 

30-62 

Lung 

not  stated     ... 

30 

4-36 

Total     ... 

688 

100-0 

*This  group  may  include  some  cases  of  serous  transudation  without  pericardial 
inflammation. 
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"  The  frequent  occurrence  of  meningitis  in  tlie  course  of  pneumonia 
has  been  emphasised  by  Immermann  &  Hiller  on  the  basis  of  earlier 

reports  in  Hterature I  myself  in  253  cases,  in  almost  all    of 

which  an  autopsy  was  performed,  found  meningitis  but  seven  times  ; 
besides  this,  I  have  noted  meningitis  three  times  as  a  complication  ox 
pneumonia  in  patients  who  recovered.  According  to  this,  among  my 
1,501  cases  of  pneumonia  there  were  but  ten  cases  of  meningitis.'' 
These  numbers  are  equivalent  to  rates  of  0"67  per  cent,  of  the  total 
cases,  and  2-8  per  cent,  of  the  cases  in  which  a  post-mortem 
examination  was  made. 

Pericarditis  has  been  recorded  in  9-74  per  cent,  of  the  pneumonia 
autopses  here  analysed.  Roughly  speaking,  one-third  of  them  were 
instances  of  purulent  pericarditis.  As  noted  in  the  table,  a  certain 
number  of  cases  classified  as  serous  pericarditis  may  not,  strictly 
speaking,  be  properly  included  under  this  heading,  as  the  pericardium 
itself  was  not  obviously  inflamed,  although  the  pericardial  sac  was 
distended  with  fluid.  Musser  &  NorrisS  state,  that  acute  pericarditis 
was  observed  268  times  in  2,128  autopsies  (12-6  per  cent.).  In  38 
cases  complicating  pneumonia,  recorded  by  G.  A.  Scott, 6  the  exudate 
was  sero-fibrinous  in  52-6  per  cent,  and  purulent  in  44-7  per  cent.  In 
six  out  of  twenty-two  cases  recorded  by  ^Nlusser  &  Norris  the 
pericarditis  was  fibrino-piurulent,  a  percentage  of  27  2.  The  figures 
of  both  Scott  and  the  latter  authors  are  small ;  and  the  value 
of  the  percentage  of  purulent  cases  in  our  returns  lies  between  the 
values  obtained  from  their  figures;  we  cannot  say,  therefore,  that  this 
form  of  pericarditis  is  either  more  or  less  common  among  these 
Natives  than  among  Europeans.  As  regards  the  total  number  of  cases 
of  pneumonia  complicated  by  pericarditis  irrespective  of  the  type 
it  would  seem  probable  that  pericarditis  is  rather  less  common  among 
"  Tropical  Natives    "  than  among  Europeans. 

Pleurisy.  It  is  perhaps  doubtful  whether  this  condition  should  be 
considered  as  a  complication  of  pneumonia.  Musser  &  Norris  write: — 
"  Pleuritis  occurs  in  practically  all  the  cases,  or  at  least  in  those  cases 
in  which  the  inflammatory  process  reaches  the  surface  of  the  lung." 
Amongst  autopsy  records  from  974  cases  they  record  pleural  effusions 
as  occurring  in  41-58  per  cent.,  which  corresponds  closely  with  the 
percentage  found  in  Table  XVI.  It  is  worthy  of  note  that  the  pleural 
effusion  with  adhesions  are  sometimes  found  on  the  opposite  side  of 
the  chest  to  that  containing  the  consolidated  lung. 

Consolidation  of  the  Lung.  In  regard  to  the  lobe  aft'ected  the 
following  distributions  may  be  compared  with  that  recorded  in 
Table  XVI. 
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TABLE   XVII. 


Lobe  affected. 


Aufreehi 
per  ceni. 


Xorris. 
\)cr  cent. 


.\l  usser  &  Xorris. 
per  cent. 


Table  XVI. 
per  cent.  J 


Eight  Upper 

9-6 

11-0 

111 

7-75 

,, 

Middle 

2-3 

2-0*    (3-0) 

2-2 

0-91 

jj 

Lower 

22-6 

29-0 

27-8 

9-88 

,, 

Two  lobes 

7-0 

6-3 

10-49 

„ 

Three  lobes 

10-0 

9-0 

8-2 

14-89 

,, 

Total 

52 -0 

51-0*  (52-0) 

55-6 

43-92 

Left 

Upper 

3-9 

4-0 

4-5 

2  13 

,, 

Lower 

24-8 

23-0 

24-6 

11-70 

,, 

Both 

6-7 

7-0 

7-6 

10-33 

,, 

Total 

35-4 

34-0 

36-7 

24-16 

Both 

Lungs 

12-6 

21-0*  (18-0) 

7-5 

31-91 

Number  of  cases 


1501 


493 


4062 


658 


*  Percentages  areas  given  in  the  original,  figures  in  brackets  are  rates  calculated 
from  the  actual  figures  recorded. 

J  Eates  given  here  are  not  identical  with  those  of  Table  XVI..  as  the  30  cases 
m  which  the  lung  affected  was  not  specified  have  been  omitted. 

Adami,8  quoting  Orth,  states  that  the  right  lung  is  affected  in 
fifty-two  per  cent,  of  cases,  the  left  in  thirty-three  per  cent.,  and  both 
lungs  in  fifteen  per  cent,  of  cases.  In  the  figures  from  the  Native 
cases  we  find  both  lungs  are  much  more  commonly  affected  than  in 
any  of  the  examples  quoted,  and  also  that  the  right  lung  is  rather  more 
frequently  attacked  than  is  the  case  among  European  patients. 
Further,  among  the  Natives  the  disease  is  not  so  commonly  limited 
to  one  lobe:  this  may  indicate  that  the  Native  is  less  resistant  to  the 
extension  of  the  infective  process  than  the  European. 

The  appearance  of  the  lung  as  seen  at  the  necropsy  in  regard  to 
the  "  stage  of  hepatization  "  does  not  bear  a  constant  relationship  with 
the  length  of  illness  before  death.  In  Table  XVIII.  the  stage  of  the 
portion  of  the  lung  in  the  most  advanced  condition  is  recorded. 

This  table  illustrates  the  fact  that  the  "  stages  of  hepatization  " 
of  the  lung  are  very  variable  in  the  time  of  their  appearance.  The 
lung  may  be  found  in  the  stage  of  "  grey  hepatization  "  within  a  day 
or  two  of  the  apparent  onset  of  the  symptoms,  or  may  still  be  in  the 
"  red  stage  "  after  ten  or  more  days  of  illness.  In  the  earlier  part  of 
the  table  there  are  no  doubt  a  certain  number  of  cases  where  the  date 
of  admission   does   not   correspond   even   approximately    to   the   com- 
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TABLE  XVni. 
Appearance  of  the  Lung  at  the  Necropsy. 


30 


Day  of 

death 

after 

admission. 

Acute 

congestion.  _ 

Commencing 

consolid- 

tion. 

Earlv 
Sed; 

HEPATIZATIOX. 

P^             Red  to 
^^'^^              Grey. 

Grey. 

-    Resolv- 
ing. 

Xoi-mal. 

Total. 

1—  5 

12 

21 

38 

47 

65 

5 

188 

6—10 

1 

10 

44 

57 

77 

7 

196 

11—15 

9 

18 

39 

12 

78 

16—20 

3 

3 

2 

16 

4 

28 

21—2.5 

2 

4 

10 

1  ■ 

1 

18 

26—30 

7 

5 

4 

16 

31—40 

1 

1 

1 

6 

2 

11 

41—50 

2 

7 

1 

1 

11 

51— «0 

1 

1 

2 

61—70 

1 

1 

2 

71—80 

1 

1 

13 

35 

97 

131 

228 

39 

8 

551 

Percentages     2  -4 

6-4 

17-6 

23-8 

41-4 

7  1 

1-4 

TABLE   XIX. 

Day  after  adniisaion  to  hospital  on  wliich  death  occurred. 


Day  after 
admission. 

Xo.  of 
deaths. 

Day  after 
admission. 

Xo.  of 
deaths. 

Day  after 
admission. 

X^o.  of 
deaths. 

Day  after 
admission. 

Xo.of 
deaths. 

1 

29 

8 

56 

15 

16 

46—  50 

5 

2 

32 

9 

39 

16—20 

38 

51—  55 

1 

3 

52 

10 

27 

21—25 

24 

56—  60 

1 

4 

63 

11 

27 

26—30 

21 

61—  65 

1 

5 

60 

12 

27 

31—35 

14 

66—  70 

2 

6 

54 

13 

23 

36—40 

6 

71—  80 

1 

7 

62 

14 

16 

41^5 

10 

81—  90 
91—100 

Total 

0 
2 

709 
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mencement  of  the  illness,  and  in  the  latter  part  it  may  be  an  attack 
in  a  second  lobe  which  has  been  noted  in  the  post-mortem  report, 
when  the  first  lobe  to  be  affected  may  have  become  normal  in 
appearance.  Even  when  reasonable  allowance  has  been  made  for  these 
sources  of  error  we  still  see  that  the  rate  of  change  in  the  lung  tissue, 
as  judged  by  the  general  appearance,  must  vary  within  wide  limits  ; 
and  thus,  in  any  individual  case,  the  stage  of  hepatization  is  but  little 
guide  to  the  length  of  illness  before  death. 

Chart  X.  represents  the  number  of  deaths  occurring  on  each  day 
after  admission  to  hospital.     The  numbers  are  given  in  Table  XIX. 
tabic : 

This  distribution  is  almost  certainly  heterogeneous,  and  cannot, 
I  find,  be  fitted  by  any  single  "  Pearson  curve."  If  we  eliminate  a 
portion  of  the  tail  as  shown  on  the  chart  by  the  dotted  line,  an 
approximation  to  the  bulk  of  the  distribution  may  be  obtained ; 
giving  the  mean  period  before  death  as  7-5  days,  and  the  modal  period 
as  three  days.  Further  adjustments  have  been  attempted  without 
any  very  marked  improvement  in  fit,  and  it  would  appear  almost 
impossible  unless  unreasonable  alterations  are  made,  to  increase  the 
position  of  the  mode  to  more  than  about  3 "8  days.  An  explanation 
of  the  want  of  fit  of  the  original  distribution  may  be  that  the  later 
deaths  are  not  due,  strictly  speaking,  to  pneumonia,  but  rather  to 
some  super-added  infection,  for  example  by  a  streptococcus,  and  if 
this  had  not  occurred  the  pneumonia  would  not  have  been  fatal.  If 
this  be  the  explanation  we  could  obtain  an  approximate  measure  of 
the  number  of  deaths  due  to  intercurrent  or  subsequent  infections. 
Further  study  may  lead  to  a  more  satisfactory  analysis  of  this 
distribution,  but  there  is  little  doubt  that  it  is  heterogeneous  in 
character  and  does  not  represent  deaths  due  solely  to  pneumococcal 
infections. 
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SECTION    III. 

A  Consideration  as  to  whether  tlierc  he  any  Evidence  that 
Pnciunonia  is  an  Infectious  Disease. 

Before  any  discussion  of  the  question  whether  pneumonia  may 
be  spread  from  case  to  case  can  be  usefully  undertaken  it  is  necessary 
to  consider  the  meaning  of  the  terms  "  Infectious  "  and  "  Infective." 
Considerable  confusion  seems  to  exist  at  present  in  mi'dical  circles  as 
to  what  these  terms  respectively  connote. 

If  we  turn  to  the  definition  of  Infectious  in  the  New  Oxford 
English  Dictionary  we  find  the  following: — 

"1.  Having  the  quality  or  power  of  communicating  disease  by 
infection;  infecting  with  disease;  pestilential;  unliealthy. '" 

"2.  Of  diseases:  Apt  to  be  communicated  or  received  by 
infection ;  liable  to  be  transmitted  from  one  person  to  another  b}' 
means  of  air  or  water." 

Under  Infective  we  find:  — 

"1.  Having  the  quality  of  affecting  injuriously  or  tainting."   .   .    . 

"  This  is  the  old  and  almost  obsolete  use." 

"  2.  Having  the   quality   of  infecting  with   disease,   or   spreading 

disease  by  infection;  infectious." 

Modern  use." 

It  would  appear  from  these  definitions  that  the  modern  use  of 
Infective  is  as  a  synonym  for  Infectious. 

In  Fagge  &  Pye  SmithlO  we  find  the  following  statements: — 
"  From  an  early  period  it  has  been  observed  that  certain  diseases  are 
contagious  or  '  catching,'  either  by  direct  contact  with  the  sick  person, 
or  by  means  of  clothing  or  buildings,  or  by  conveyance  through  the 
air  of  a  presumed  materies  morbi:  When  actual  contact  was  necessar;^ 
to  reproduce  it  the  disease  was  called  contagious :  when  it  was  trans- 
missible by  the  air  it  was  given  the  wider  name  of  infectious.  .  .  . 
The  distinction  is  not  fundamental." 

"  The  word  infective  has  been  used  of  late  to  denote  processes 
which  spread,  not  always  from  one  person  to  another,  but  from  one 
tissue  or  organ  of  the  body  to  another." 

Here  we  have  a  definition  of  infective  which  is  not  synonymous 
with  infectious,  as  some  infective  diseases  are  not  infectious. 

Notter  &  Firthll  write  as  follows:  — 

"  This  conception  of  the  origin  of  the  causes  of  disease  if 
interpreted  literally,  implies  the  belief  that  every  single  case  of  each 
infective  disease  is  the  offspring  or  result  of  an  antecedent  case  of  the 
same  disease.     A   little   reflection   and   experience   soon  indicate   that 
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the  doctrine  is  too  inelastic  for  general  acceptation,  because  certain 
of  these  diseases  affect  the  lower  animals  as  well  as  man,  and  conse- 
quently the  antecedent  case  of  a  given  instance  of  such  disease  need 
not  be  a  human  case ;  while  as  regards  the  others,  which  are  known 
to  aSect  man  only,  the  pre-existing  case  must  be  sought  in  man 
alone."  From  the  same  authors,  under  the  heading  "  The  Infective 
Diseases,"  we  find  the  following: — "  According  to  the  manner  in 
which  these  diseases  are  transmissible  from  one  person  to  another, 
so  are  they  spoken  of  as  being  either  infectious,  contagious,  or 
inoculable." 

Here  again  we  have  infectious  diseases  regarded  as  a  sub-group 
of  infective  diseases,  but  in  the  first  quotation  from  the  same  authors 
we  are  told  that  the  source  is  not  always  a  human  case  of  the  disease, 
and  we  must  therefore  include  diseases  derived  from  animals.  Are 
we  then  to  exclude  from  the  term  infective  diseases  cases  of  bacterial 
infection  which  arise,  not  from  any  previous  case,  but  from  an 
organism  which  was  previously  a  saprophyte,*  for  example  some 
memoers  of  the  coli  group"/  Or  again,  as  in  the  case  of  tetanus,  where 
the  invading  organism  is  not  derived  from  a  previous  case  of  the 
disease,  or  at  least  where  such  connection  cannot  be  traced. 

We  find  that  Sir  W.  Osler7  classifies  under  the  heading  "  Specific 
Infectious  Diseases  "  the  following  sub-groups: — 

A.     Bacterial  Diseases. 

*"  Parasite  "  would  be  possibly  a  better  term  to  use  in  this  connection  than 
"  Saprophyte."  It  almost  seems  as  if  a  new  term  were  wanted  to  describe  an 
or{,'anism  which  can  exist  and  multiply  on  the  surfaces  of  its  host  without  giving  rise 
to  any  abnormal  symptoms,  l)ut  which  can  become  pathogenic  under  altered  condi- 
tions. Whether  this  change  from  "harmless  parasite"  to  "pathogenic  parasite" 
be  due  to  alterations  in  the  host,  or  to  alterations  in  the  type  of  the  organism,  or 
to  both  factors  together,  is  a  matter  of  conjecture.  I  believe,  the  most  likely 
hypothesis  is,  that  an  alteration  in  type  occurs  which  is  usually  occasioned  by  some 
antecedent  alteration  in  the  fluids  or  tissues  of  the  host.  That  members  of  the  coli 
group  may  take  on  pathogenic  characters  is  established,  and  it  is  possibly  true  also 
of  members  of  other  groups;  for  instance,  the  diptheroid  group,  and  the  tubercle  or 
"acid  fast"  group.  It  also  seems  to  me  probable  that  a  "pneumonia"  group 
exists,  and  that  we  shall  come  to  recognise  the  different  strains  of  pneumococci  as 
being  as  separate  in  character  as  the  members  of  the  coli  group,  and  perhaps  as 
even  more  easily  altered  in  character.  Dr.  F,  S.  Lister's  recent  work  in  this 
Institute,  which  will  shortly  be  published,  appears  to  support  this  view,  and  if 
confirmed  will  place  on  a  much  more  solid  basis  what  is  at  present  merely  a 
speculation.  The  presence  of  the  pneumococcus  in  the  throats  of  the  apparently 
healthy,  its  association  with  epidemic  outbreaks  of  acute  naso-pharygeal  catarrh,  its 
causal  relationship  with  lobar  pneumonia,  the  marked  differences  between  various 
strains  in  their  effects  on  experimental  animals,  and  the  rapid  alterations  which 
often  occur  under  laboratory  conditions — all  these  and  other  facts  point  to  the 
possibility  or  even  probability  that  the  organism  known  as  Fraenkel's  pneumococcus 
IS  not  a  single  entity  but  rather  a  group  of  pneumococcal  organisms.  This  question 
is  referred  to  here  because  it  has  a  bearing  on  the  problem  of  infection. 
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B.  Fungus  Infections,  not  bacterial. 

G.  Protozoan  Diseases. 

D.  Diseases  due  to  Metazoan  Parasites. 

E.  Infective  diseases  of  doubtful  or  unknown  etiology 

Under  "  A  "  we  find  tetanus,  and  it  is  therefore  classed  as  aa 
infectious  disease,  and  in  the  sub-group  infective  diseases  we  find 
smallpox.  The  term  "  infectious  disease  "  then  apparently  corresponds 
to  Notter  &  Firth's  "  infective  disease,'"  and  is  in  disagreement  vrith 
the  definition  given  by  Fagge  &,  Pye  Smith.  But  on  page  78,7  ^ve  find 
this  sentence: — "Clinically,  the  infectious  nature  of  pneumonia  was 
recognised  long  before  we  knew  anything  of  the  pneumococcus. "  And 
further: — "  As  many  as  ten  occupants  of  one  house  have  been 
attacked."  This  latter  remark,  in  its  relation  to  pneumonia,  will  be 
discussed  later  on.  Thus  "  clinically  infectious  "  has  clearh-  a 
different  meaning  to  "  infectious."  If  we  start  by  defining  all 
bacterial  diseases  as  infectious,  then  having  once  shown  that  a  disease 
is  causally  connected  with  a  bacterium  it  is  unnecessary  to  discuss 
whether  or  no  it  be  infectious. 

This  classification  has,  to  my  mind,  several  objections ;  to  make 
the  word  "  infectious  '  practically  synonymous  with  "  due  to  a  micro- 
organism "  in  respect  to  diseases,  does  not  help  us  to  a  more  accurate 
method  of  thought,  and  has,  moreover,  the  serious  disadvantage  that 
it  changes  the  ordinary,  or  at  least  the  older,  meaning  of  the  word. 
This  change  has  led,  and  will  lead  to  constant  misunderstanding  and 
confusion,  and  the  necessity  of  introducing  the  expression  "  clinically 
infectious  '"  exemplifies  the  author's  need  for  a  new  term  to  correspond 
with  the  old  usage  of  the  word  infectious  with  its  meaning  of 
"  catching." 

Let  us  turn  now  to  definitions  given  in  text-books  of 
Infectious  Diseases,  for  the  term  when  thus  employed  has  an 
old  and  well  established  meaning,  totally  different,  however,  froin 
that  used  by  Sir  W.  Osier.  Ker,12  in  his  admirable  text-book,  defines 
infection  thus: — "By  infection  is  understood  the  invasion  of  the 
tissues  by  a  pathogenic  bacterium.  .  .  .  And  here  it  may  be  remarked 
that  it  is  difficult  to  draw  a  hard  and  fast  line  between  pathogenic  and 
saprophytic  bacteria."  .  .  .  "  It  is,  with  our  present  knowledge  of  the 
bacterial  causes  of  infectious  diseases,  difficult  to  draw  fine  distinctions 
between  contagion  and  infection.  ...  A  pathogenic  organism,  how- 
ever, may  be  regarded  as  one  capable  of  producing  disease  in  man 
under  natural  conditions."  Here  we  are  left  wondering  what  the 
phrase  "  natural  conditions  "  may  imply,  and  whether  we  are  to 
exclude  from  the  classification  "  pathogenic  bacteria  "  those  which 
produce  disease  in  animals  but  not  in  man. 
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The  following  definition  is  given  by  Goodall  k  Washbournl3:  — 
"  Diseases  which  are  transmissible  from  one  individual  to  another  are 
said  to  be  contagious  or  infectious.  Strictly  speaking,  the  term 
infectious  is  applied  to  diseases  transmissible  through  the  air,  while 
the  term  contagious  is  used  of  diseases  which  are  spread  by  direct 
contact,  or  by  infected  articles."  In  this  definition  we  have  returned 
to  a  definition  more  like  that  given  by  Fagge  &  Pye  Smith,  and  more 
in  accordance  with  the  general  or  "  lay  "  use  of  the  word. 

It  is  surely  meaningless'  to  speak  of  one  disease  as  more  or  less 
infectious  than  another,  or  to  use  such  an  expression  as  "  highly 
infectious  "  for  a  disease  like  small  pox,  if  we  are  going  to  use  the 
word  as  synonymous  with  bacterial,  in  Sir  W.  Osier's  terminology  ; 
but  there  is  clearly  a  need  for  some  term  corresponding  to  the  term 
infectious  as  employed  and  defined  by  Goodall  &  Washbourn. 

Historically,  it  is  not  diliicult  to  see  how  the  extension  in  the  use  of 
the  term  may  have  taken  place  ;  but  whether  such  an  extension  is  scien- 
tific, that  is  whether  it  helps  us  to  classify  the  facts  more  accurately,  is 
perhaps  open  to  doubt.  Some  argument  such  as  the  following  may 
have  been  used — "  catching  diseases  "  were  in  some  instances  proved 
to  be  due  to  micro-organisms,  therefore,  by  analogy  all  such  diseases 
are  probably  dependent  on  some  micro-organism.  The  micro-organisms 
of  disease  are  specific,  and  therefore  the  organisms  in  one  case  must 
have  been  obtained  directly  from  those  of  a  previous  case.  This 
must  be  true  therefore  of  all  diseases  due  to  micro-organisms  ;  and  thus 
all  such  diseases  are  infectious,  and  we  should,  logically,  extend  the 
term  "  infectious  diseases  "  to  the  whole  group  of  complaints  due  to 
micro-organisms,  and  even  further,  to  those  of  metazoal  origin. 

If  this  were  the  argument  employed  it  is  clearly  unsound.  A 
series  of  assumptions  are  made  which  have  not  been  proved ;  they  are, 
however,  assumed  to  be  true,  and  a  generalisation  drawn  which  has 
had  the  effect  of  leading  the  student  to  regard  the  question  as  settled 
This  tends  to  obscure  the  need  for  a  patient  search  for  the  evidence 
which  shall  prove  or  disprove  them.  However  useful  these  hypotheses 
may  be  in  their  legitimate  sphere,  they  are  dangerous  when  interpreted 
as  reliable  theories ;  and  moreover,  grave  doubt  has  already  been 
thrown  on  the  vahdity  of  some  of  them.  Saprophytic  organisms  have 
been  shown  to'  acquire  pathogenic  properties,  and  thus  an  antecedent 
case  of  the  disease  need  not  necessarily  be  postulated. ''^     The  specific 

*  If  for  the  sake  of  argument  we  assume  that  healthy  people  communicate  the 
pueumoeoccus  to  others  who  also  remain  healthy ,  so  that  a  large  number  of  the 
population  harbour  the  organism  as  a  harmless  parasite,  it  would  serve  no  useful 
purpose  from  a  practical  point  of  view  to  class  pneumonia  as  an  infectious  disease ; 
unless  indeed  the  organisms  spread  by  the  sick  had  different  properties,  i.e.,  were 
virulent  to  the  healthy,  in  which  case  evidence  of  this  should  be  found  in  the 
statistics. 
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character  of  several  pathogenic  bacteria  is  also  seriously  in  doubt. 
That  a  very  large  number  of  pathogenic  bacteria  may  live  as 
saprophytes  is  proved  by  the  varieties  which  can  be  grown  on  artificial 
media,  and  although  it  may  be  reasonable  to  assume  that  similar 
conditions  are  not  paralleled  in  Nature  this  has  not  been  established 
as  a  fact. 

All  these  questions  require  careful  investigation  with  an  open 
mind,  and  any  phraseology-  which  implies  that  they  have  been  proved 
is,  it  seems  to  me,  retrograde.  If  this  be  admitted,  the  need  for  a 
word  which  will  express  the  common  meaning  "  catching  "  and  will 
also  connote  a  definite  train  of  events  formerly  covered  by  the  word 
infectious,  is  evident. 

Considering  the  very  old  established  use  of  this  word  it  would 
not  seem  wise  to  abandon  it  and  further  complicate  the  terminology 
by  the  introduction  of  another,  despite  the  fact  that  one  of  the  leading 
text-books  of  Medicine  has  extended  the  meaning  as  described  above. 

It  may  be  considered  by  some  that  the  term  "  communicable  " 
would  be  suitable,  seeing  that  there  is  a  growing  tendency  to  use 
this  word  in  place  of  infectious.  It  seems  to  me  that  this  word,  used 
in  the  sense  "  infectious,"  is  not  free  from  ambiguity.  It  suggests 
that  the  disease  is  capable  of  being  communicated,  rather  than  of 
communicating  itself :  that  is  to  say,  a  suggestion  of  a  deliberative 
agent  is  introduced.  Thus,  Vaccinia  in  man  is  a  communicable  disease, 
but  scarcely  infectious  in  the  sense  in  which  it  will  be  defined  here. 
Again,  the  term  "  catching  "  might  be  used  as  an  alternative;  but  it 
is  also  liable  to  misuse,  and  does  not  seem  suited  to  accurate  thought : 
for  we  constantly  hear  such  expressions  as  "  catch  a  chiU  "  or  "  catch 
a  cold  "  where  the  suggestion  of  contact  with  a  previous  sufferer  is 
not  intended.  On  the  whole,  then,  it  would  appear  to  me  better  to 
retain  the  term  "  infectious  "  and  try  to  define  it  so  as  to  make  its 
use  free  from  ambiguity. 

The  following  definition  of  an  infectious  disease  is  therefore 
suggested: — An  "infectious  disease"  is  one  which  may  he  spread 
from  the  affected  to  the  healthy,  and  is  such  that  the  healthy  person 
incurs  a  risk  of  contracting-  the  disease  by  associating  ivith  a  person 
suffering  from  it,  either  directly,  or  indirectly  through  the  medium  of 
clothing,  furniture,  food-stuffs,  etc.,  which  have  been  contaminated 
by  the  sick.  It  may  be  objected  that  a  disease  spread  by  healthy 
persons,  that  is  by  those  who  have  never  suffered  or  exhibited  any 
symptoms  of  illness,  should  nevertheless  be  classed  as  infectious. 
Such  a  disease  would  only  be  excluded  from  the  definition 
infectious  if  those  actually  showing  symptoms  did  not  spread  it,  or 
did  not  constitute  any  increased  risk  to  the  population ;  that  is  to  say, 
that  those  in  their  immediate  neighbourhood  did  not,  on  tlie  average, 
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suffer  more  than  people  at  a  distance.  From  the  practical  point  of 
view,  it  seems  improbable  that  any  administrative  steps  could  be  taken 
to  deal  with  a  disease  which  spreads  as  commonly  from  the  healthy 
as  from  the  sick  ;  but,  if  acquired  more  commonly  from  the  sick,  it 
will  fall  within  the  limits  of  our  present  definition,  and  so  statistical 
evidence  should  be  forthcoming  in  proof  of  such  a  fact. 

It  will  be  seen,  therefore,  that  the  proposed  definition  is  purely 
utilitarian,  and  if  accepted  we  have  a  right  to  ask  for  proof  that 
association  of  the  healthy  with  the  sick  constitutes  a  risk  to  the  former, 
before  we  consent  to  classify  any  disease  as  infectious. 

In  regard  to  diseases  spread  through  animals,  three  classes  must 
be  considered:  — 

Firstly.  Diseases  in  which  the  animal  is  itself  affected,  and  in 
the  spread  of  which  man  need  play  no  part;  e.g..  Tuberculosis  or 
Glanders. 

Secondly.  Diseases  in  which  the  animal  (usually  an  insect)  is 
necessarily  the  intermediate  host,  e.g..  Malaria  or  Tick  Fever. 

Thirdly.  Where  the  animal  concerned  (again  usually  an  insect) 
is  merely  a  mechanical  carrier  of  infection,  e.g..  Bubonic  Plague. 

•  The  first  group  will  fall  within  the  terms  of  the  definition,  if,  when 
spread  to  man  he  in  turn  infects  his  neighbours.  Possibly  a  special 
category  must  be  made  for  a  few  parasitic  diseases  where  man  and 
an  animal  are  alternate  hosts.  The  third  group  will  necessarily  be 
classified  as  infectious  because  (insect)  carriers  will  be  more  numerous 
in  the  immediate  neighbourhood  of  the  diseased.  In  regard  to  the 
second  group,  and  to  a  less  extent  the  third  also,  a  problem  arises  of 
considerable  practical  importance.  It  will  be  evident  that  when  an 
special  animal  host  is  essential  to  the  spread,  that  the  disease  will 
only  become  infectious  when  the  intermediate  host  is  present.  Thus 
a  disease  may  be  infectious  in  certain  regions  and  cease  to  be  infectious 
when  imported  into  others;  or  again,  it  may  be  infectious  only  at 
certain  seasons.     This  is  a  distinction  of  some  practical  importance. 

Further,  it  is  conceivable  that  a  disease  "might  be  infectious  among 
one  race  and  not  among  another ;  habits  and  customs  might  be 
determining  factors  in  its  spread,  or  constitutional  immunity  might 
exist.  For  instance,  a  race  may  be  conceived  as  having  developed 
through  selection  an  immunity,  and  the  introduction  of  a  case,  there- 
fore, into  such  a  community  would  not  be  a  source  of  danger.  In  such 
circumstances  this  disease  could  not  reasonably  be  classified  as 
infectious  in  respect  to  such  a  population. 

It  is  evident,  then,  that  this  definition  is  purely  a  practical  one, 
but  from  an  administrative  point  of  view  is,  it  appears  to  me,  of 
importance  ;  and  further,  it  is,  I  think,  a  reversion  to  the  older  and 
more  commonly  accepted   use  of  the   word.     In   the   following  para 
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graphs  the  word  "  infections  "  will  be  used  with  the  meaning  given 
to  it  in  the  above  definition. 

Many  authors,  from  v.  Jiirgensen  in  1874  to  those  of  the  present 
day,  have  claimed  that  pneumonia  is  an  infectious  disease,  not  in 
Sir  W.  Osier's  sense  that  it  is  due  to  a  micro-organism,  but  apparently 
in  the  sense  in  which  the  word  has  just  been  defined.  Musser  and 
Norris6  write  as  follows: — "To  sum  up,  we  are  forced  to  the  con- 
clusion that  pneumonia  is  a  transmissible  disease,  to  be  classified  with 
the  infectious  fevers,  and  like  them  to  be  guarded  against  by  the 
application  of  antiseptic  principles."  They  subsequently  proceed  tO'* 
describe  the  pneumococcus  of  Fraenkel  as  the  micro-organism  of  lobar 
pneumonia,  and  thus  under  this  term  they  are  dealing  apparently  with 
a  specific  disease,  and  not  merely  with  a  group  of  signs  and 
symptoms.  Why  then,  we  may  ask,  do  they  include  the  "  Middles- 
borough  Epidemic  "  among  the  list  of  examples  quoted  to  indicate 
that  pneumonia  may  be  spread  by  infection,  when  the  organism 
described  by  the  investigators  of  this  outbreak  was  not  the  pneu- 
mococcus ?  No  evidence  in  favour  of  the  spread  by  infection  from  case 
to  case  can  be  considered  valid  if  the  identity  of  the  associated 
organism  be  not  determined.  Fiu-ther,  they  state  that  in  Kimberley 
this  disease  is  limited  to  the  Kaffirs  ;  how  such  a  curious  misstatement 
could  have  arisen  it  is  difficult  to  understand,  but  in  any  case  evidence 
must  surely  be  much  more  carefully  sifted,  than  appears  to  have  been 
done  by  these  authors,  before  valid  conclusions  can  be  drawn. 

The  "  Middlesborough  Epidemic,"  so  often  quoted  in  support  of 
the  contention  that  pneumonia  is  an  infectious  disease — and  amongst 
others  by  Notter  &  Firthll — shows  that  outbreaks  of  a  disease  similar 
to,  but  not  identical  with,  pneumonia  may  occur;  we  must,  therefore, 
be  particularly  cautious  before  concluding  that  an  epidemic  is  due  to 
the  pneumococcus  in  the  absence  of  bacteriological  proof.  In  most  of 
the  instances  quoted  by  the  authors  of  text-books  no  mention  of  the 
organism  associated  with  the  disease  in  question  is  made,  and  there 
is  therefore  no  direct  evidence  that  the  disease  was  due  to  the 
pneumococcus  of  Fraenkel,  which  organism  we  are  assuming  to  be 
the  cause  of  Pneumonia.  This  is  a  criticism  which  must  apply  to  all 
evidence  collected  prior  to  the  recognition  of  this  diplococcus  ;  and  it 
also  applies,  so  far  as  I  know,  to  the  instance  of  ten  cases  in  the 
same  house,  already  quoted  from  Sir  W.  Osier's  book.  This,  however, 
IS  not  the  only  exception  which  must  be  taken  to  this  example  when 
adduced  as  a  proof  of  infection. 

To  prove  the  infectious  nature  of  any  disease  it  is  not  necessary 
merely  to  collect  examples  of  runs  of  cases  in  one  house  or  family; 
we  must  show  that  such  runs  occur  more  frequently  than  they  should 
do  on  the  laws  of  chance,  supposing  every  similar  individual  in    the 
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community  equally  liable  to  contract  the  disease,  whether  he  be,  or  be 
not  in  contact  with  one  already  affected.  So  far  as  I  know,  no  attempt 
up  to  the  present  has  been  made  to  follow  such  a  method  in  regard  to 
pneumonia. 

Our  figures  deal  entirely  with  the  African  Native  from  "  tropical 
areas,"  and  any  conclusions  which  we  draw  from  them  in  regard  to 
the  problem  of  infection  must  not  be  applied  unreservedly  to  Europeans 
in  South  Africa,  much  less  to  Europeans  in  Europe.-  A  careful 
statistical  analysis  of  European  data,  is,  T  believe,  the  only  way  in 
which  these  problems  with  regard  to  the  latter  groups  can  be  satis- 
factorily settled,  and  the  argument  from  analogy,  if  used  at  all,  must 
be  employed  with  extreme  caution. 

In  the  "  8000  experiment,"  records  of  the  medical  history  of  all 
the  Natives  included  were  kept  in  each  case  for  six  months,  and  in 
some  for  longer  periods.  All  these  Natives  passed  through  the 
Witwatersrand  Native  Labour  Association's  Compound,  where  they 
were  given  serial  numbers.  On  arrival  in  the  compound  the  "  boys  " 
line  themselves  \\\)  under  Captains,  and  those  coming  from  the  same 
district  stand  together.  As  a  consequence  relations,  friends,  and 
acquaintances  will,  on  the  whole,  tend  to  carry  consecutive  numbers. 
On  allotment  a  group  under  any  Captain  is  not  broken,  so  that  subse- 
q\iently  on  the  mine  "  boys  "  carrying  consecutive  numbers  are  in 
closer  association  than  those  with  more  distant  numbers.  Tn 
Portuguese  territory  a  similar  method  of  numbering  is  adopted,  and 
it  appears  that  the  order  in  which  the  "  boys  "  obtain  their  numbers, 
although  not  identical  with  the  W.N.L.A.  order,  is  much  the  same  ; 
in  practice  one  finds  little  difference  in  the  results  calculated  from 
either  the  Portuguese  or  W.N.L.A.  Depot  Numbers. 

If  we  suppose  that  one  case  of  pneumonia  in  a  community  of 
Natives  does  not  increase  the  risk  to  the  others,  we  may  expect  that 
the  various  cases  of  this  disease  will  not  be  imduly  grouped.  Grouping 
might,  nevertheless,  occur  owing  to  a  variation  in  the  preva- 
lence of  the  disease  on  different  mines ;  a  point  which  will 
be  discussed  later.  It  will  be  noted  that  nms  of  twos,  threes,  and  so 
on,  are  to  be  expected  even  on  the  assumption  that  the  "  laws  of 
chance  "  alone  determine  the  distribution.  By  runs  or  sequences,  we 
mean  affected  Natives  carrying  consecutive  numbers.  If,  however,  the 
disease  tends  to  spread  from  the  sick  to  the  healthy,  that  is,  it  is 
infectious,  then  we  should  expect  that  runs  of  twos,  threes,  etc.,  will 
be  more  common  than  if  chance  were  the  only  factor  concerned. 

By  means  of  the  following  formula  we  can  calculate  the  most 
probable  chance  distribution  for  the  appearance  of  sequences. 

Let  N  =  number  of  "  bovs  "  in  the  series, 
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m  =  number  not  attacked, 

n  =  number  attacked, 
then  it  can  be  shown  that  the  various  terms  of  the  following  expression 
will     represent    the    most    probable    distribution    for    the    number    of 
sequences,* 

m(;7?-nri,         ^         I         n(n-l)  n(n-l)(n-2)  T 

N-l     L    ^-^-  2)  ^{N-2)(N--))  +(A^-2)(N-3)(/V— t)  +  ---J 

The  successive  terms  can  be  easily  calculated  from  the  preceding 
one;  thus,  if   i?^,,  R^,  R  ,  etc.,  represent  the  terms,  and  if 

Now,  even  if  the  laws  of  chance  alone  are  operative  in  determining 
the  distribution,  we  must  not  expect  that  the  experimental  numbers 
will  be  identical  with  those  of  the  most  probable  distribution  ;  but  we 
can,  by  Pearson's  method  of  "  Goodness  of  Fit,  "14^  find  the  chance 
that  the  observed  distribution  has  arisen  owing  to  errors  of  random 
sampling,  t 

Let  us  now  turn  to  the  actual  results  from  8,088  Natives 
("  8000  experiment  ").     Regarded  as  one  group,  wo  find:  — 

N  =  8,088,  m  =  6,988,  n  =  l,100. 

*  The  first  term  represents  a  zero  sequence,  i.e.,  where  two  Tinattacked  "boys" 
come  together,  the  second  a  sequence  of  one,  i.e..  where  there  is  an  attacked  "  boy  " 
with  an  unattacked  "  boy  "  on  each  side,  the  third  a  sequence  of  two  attacked 
between  unattacked.  and  so  on. 

+  I  am  indebted  to  Dr.  Troup  for  most  of  the  mathematical  analysis  in  the  proof 
of  this  problem,  and  although  it  is  not  yet  free  from  difficiilty,  the  matter  is  too 
l^echnical  for  discussion  here.     We  hope  to  publish  it  elsewhere  shortly. 

I  The  meaning  of  this  will  be  made  clear  if  we  consider  a  simple  example.  If 
we  toss  ten  pennies,  the  most  probable  result  will  be  five  heads  and  five  tails;  that 
is  to  say,  if  we  repeat  the  experiment  1.000  times  we  shall  find  five  heads  and  five 
tails  to  be  more  common  than  any  other  result.  But  we  shall  find  that  four  heads 
and  six  tails,  three  heads  and  seven  tails,  and  so  on,  also  occur.  If.  therefore,  on 
the  first  throw  we  find  three  heads  and  seven  tails,  we  must  not  straightway  assume 
that  the  coins  are  biased.  If  we  knew  nothing  about  our  coins  we  should  then 
proceed  to  calculate  the  probability  of  such  an  event  occurring  on  the  assumption 
that  they  were  not  biased,  and  our  result  would  be  in  the  form  P  =  a-  where  x  is  the 
probability  that  such  a  divergence  would  occur  on  the  laws  of  chance.  Thus  if  the 
proliability  is  P  =  0-2  we  can  say  such  a  divergence  from  the  most  likely  will,  on  the 
average,  arise  twice  in  every  ten  such  examples. 


50  Pneumonia  Amongst  Natives 


TABLE 

XX. 

Sequences 
of 

Theoretical 
number. 

Observed 
number. 

1 

821 

768 

2 

112 

122 

3 

15 

16 

4 

2 

8 

5 
6 

1 

0-31 

1 

P  =  0-00004 

Here  we  have  a  defect  in  sequences  of  one  and  an  excess  over 
theory  at  the  higher  groups;  and  considering  the  value  of  "  P  "'  we 
may  conclude  that  it  is  highly  unlikely  that  a  distribution  such  as  this 
has  arisen  owing  to  errors  of  random  sampling.  It  is  possible,  how- 
ever, that  the  heterogeneous  nature  of  this  population  may  be 
responsible  in  part  for  the  value  found.  This  group  has,  therefore, 
been  sub-divided  according  to  the  territorial  areas  from  which  the 
Natives  were  recruited. 


TABLE 

XXI. 

Mozamhi 

iqve 

Natives. 

Groups. 
1 
2 
3 
4 

Theory. 

231-86 

3103 

4-15 

0-66 

Observation. 

214 

34 

5 

3 

N  =  2304 
ra  =  1995 
n=   309 

P  =  0-( 

Here  only  seventeen  times  out  of  1,000  could  such  a  divergence 
from  theory  be  expected  on  the  laws  of  chance. 


TABLE 

XXII. 

Angoche 

or 

Parapat  Natives. 

Groups. 

1 

Theory. 
98-11 

Observation . 

85                N=  889 

2 

15-06 

15                m=   752 

3 

2-30 

3                n=  137 

5        I 

•38 

1\ 

oU 

6       J 

ij 

P  =  0-020 


Here  only  twice  in  a  hundred  trials  is  a  fit  as  bad  as  this  to  be 
expected. 
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Groups. 
1 
2 
3 
4 


Groups. 
1 
2 
3 
4 


TABLE 

XXIII. 

Quilimanes. 

Theory. 

121-05 

17-45 

2-50 

•39 

Observation. 

128 

13 

1 

2 

N  =  1141 
m=  976 
n=  165 

P  =  0028 


TABLE  XXIV. 

Portuguese  Nyassas. 

Theory.  01)servation. 

232-81  210 

34-26  42 

5  03  6 

0-88  2 


N  =  2171 
m  =  1851 
n=  320 


P  =  0-148 


In  this    case,  as    in    that    of  the  Mozambiqnes,  the  ones  are  in 
defect,  the  twos,  threes,  and  fours  in  excess. 

TABLE   XXV. 


Tete 

(t- 

P.I.T. 

Groups. 

Theory. 

Ohservat 

ion. 

1 

140  13 

139 

N  =  1572 

2 

15-81 

18 

m  =  1394 

3 

1-77 

1 

n=:   178 

4 

0-20 

0 

P  =  0-842 

Here  we  could  not  expect  a  better  agreement  between  observation 
and  theory  on  the  laws  of  chance. 

Taken  together,  these  tables  show  in  a  high  degree,  the 
improbability  that  the  observed  deviations  from  theory  have  arisen 
by  chance  ;  but  we  must  not  necessarily  assume  that  the  deviations 
are  therefore  due  to  infection. 

Considering  the  conditions  under  which  the  Natives  live  and  work 
on  the  mines,  the  chance  that  an  affected  "  boy  "  will  spread  the 
disease,  if  it  be  infectious,  to  a  "  boy  "  carrying  a  neighbouring 
number,  will  not  be  much  less  than  the  chance  of  his  spreading  it  to 
a  consecutive  number,  while  the  likelihood  of  his  conveying  it  to  a 
"  boy  "  with  a  distant  number  is  much  more  remote. 

If  then  the  disease  be  spread  from  case  to  case  we  might  expect 
to  find — if  we  reverse  ovu'  problem  and  calculate  the  most  probable 
distribution  of  the  runs  of  unaffected  "  boys  "• — that  the  small  runs, 
of  say  ones,  twos,  three,  and  also  the  very  long  nms,  will  be  in  excess 


52  Pneumonia  Amongst  Natives 

of  theory,   with  the  consequence  that  the  runs  of  intermediate  size 
would  he  in  defect. 

To  obtain  the  theoretical  distributions  for  the  new  series  we  must 
re-write  our  formula,  thus: — 

n(n-l)     /  m.  m  (m-1)  \ 

-L    +     /•  Tir       o\    +  /  XT       ON/  AT       0\    +     I 


( 


^■-1        V"  ^  (iV-2)  ^(iV-2)(iV-3^ 

Here  the  first  term  or  the  sequences  of  0  is  of  importance.  A 
sequence  of  0  now  means  two  affected  "  boys  "  with  no  unaffected 
"  hoys  "  between.  Thus  a  run  of  three  affected  "  boys  "  is  equivalent 
to  two  sequences  of  0,  and  so  on.  The  value  of  the  probability  for 
the  whole  group  of  8,088  Natives  is  P  =  0-002  approx.  The  O's  are 
considerably  in  excess  and  supply  8*.19  to  the  value  of  y'*14,  the  I's 
supply  0*94,  and  the  3's  1-04,  the  2's  are  slightly  in  defect,  7's,  8's 
and  lO's  are  considerably  in  defect,  contributing  together  12-68  to 
the  value  of  y".  Excesses  are  again  found  at  the  tail  of  the 
distribution. 

For  the  Mozambiques  f23  groups),  P  =  0-38  approx.  The  y" 
value  was  not  calculated  for  foiu-  runs  at  the  tail,  namely,  one  each  of 
48,  46,  53  and  71  ;  these  will  decrease  the  value  of  P,  but  the  labour 
of  carrying  the  calculation  to  71  terms  would  be  hardly  justified  by 
the  increased  accuracy  to  be  obtained.  Here  runs  of  O's  and  I's  are 
in  excess,  but  otherwise  no  very  marked  abnormality  in  the  distribution 
occurs.     After  25  the  tail  shows  errors  in  excess. 

The  same  general  statement  is  true  of  the  Angoche  Natives,  but 
marked  divergence  from  theory  occurs  in  the  O's,  which  group 
contributes  4-77,  and  also  in  the  groups  18  to  20,  which  together 
contribute  7-81  to  the  y'  value,  P  =  0-07. 

Table  XXVI.,  page  53,  is  given  as  an  example  of  the  method. 
Differences  are  calculated  only  to  nearest  whole  number  in  the  column 
headed  "  Theory." 

A  similar  table  worked  from  the  Portuguese  numbers  gave 
P-0-65. 

The  distribution  for  the  Nyassa's  leads  to,  P<0-02.  In  this 
distribution  there  is  a  marked  excess  in  the  groups  0,  1,  2  and  5,  and 
a  marked  defect  in  groups  7,  8,  9,  10  and  11;  excesses  again  appear 
after  24. 

Among  the  Tete  &  P.I.T.  Natives  excesses  are  found  in  the  groups 
8  to  14,  and  defects  in  2,  4,  5,  6  and  7,  and  the  tail  of  the  distribution 

*  The  meaning  of  this  symbol  will  be  found  in  the  essay  of  Professor  Pearson, 
already  referred  to. 14  It  is  the  sum  of  the  differences  of  the  theoretical  and  observed 
values  squared  and  divided  by  the  theoretical  value.     Thus  if    vi  =:  observecl  value. 

and  m'=  theoretical  value,  then  X',  =  ^R^—^^MH 
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TABLE   XXVI. 


Qnilimane  Group. 


Group. 

Theory. 

Observation. 

Obs.— Theoiy. 

X- 

0 

23-74 

21 

—3 

0-3791 

1 

20-34 

24 

+  4 

0-7866 

2 

17-43 

11 

—6 

2-0654 

3 

14-93 

15 

0 

4 

12-79 

19 

+6 

2-8507 

5 

10-95 

9 

—2 

0-3653 

6 

9-38 

9 

0 

7 

8-03 

10 

+2 

0-4981 

8 

6-87 

5 

+2 

0-5822 

9 

5-88 

6 

0 

10 

5  03 

5 

0 

11 

4-30 

6 

-r2 

0-9302 

12 

3-68 

5 

+1 

0-2717 

13 

315 

3 

0 

14 

2-69 

4 

+  1 

0-3717 

15 

2-30 

4 

+2 

1-7391 

16  to  20 

7-34 

3 

—4 

2-1798 

21  to  25 

3-34 

2 

—1 

0-2994 

26  to  30 

1-54 

3 

+  1 

0-6494 

31  to  45 

1-28 

1 

0 

P==0-78 


13-9687 


is  not  markedly,  if  at  all,  in  excess  of  theory.     P  — U'll  approx. 
These  results  are  summarised  in  Table  XXVII. 


TABLE   XXVII. 
Snmmanj  of  results  in  Tables  XXI.  to  XXVII. 


^'alue   of   "  p  " 

for 

^"alue  of   "  p  "   for 

sequences  of 
Pneumonia. 

sequences  of 
uuattacked   Natives. 

0-00004 

0-002 

0017 

0-33 

0-0.32 

0-07 

0-028 

0-78 

0-148 

<0-02 

0-842 

0-11 

Total. 

Total 

Mozambique 
Angoche 
Quilimanes 
Xyassas    ... 
Tete  &  P.I.T. 

We  thus  reach  the  conclusion  that  if  every  "  boy  "  within  a  group 
has  an  equal  chance  of  contracting  pneumonia — which  of  course  is  one 
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of  the  assumptions  which  must  be  made  if  the  distribution  is  to  be 
described  by  the  laws  of  chance — then,  with  two  or  possibly  three 
exceptions,  we  can  assert  that  the  observed  divergencies  are  unlikely 
to  have  arisen  by  chance. 

But  infection  from  case  to  case  is  not  the  only  cause  which  might 
bring  about  this  result.  It  is  quite  conceivable  that  certain  sub-groups 
within  the  territorial  groups  may  be  more  susceptible  than  others. 
We  know  that  in  regard  to  race,  altitude,  and  climate  of  their  homes, 
no  group  is  even  approximately  homogeneous.  Before  making  any 
assumption  as  to  the  cause  of  the  divergencies  we  must  study  the 
matter  more  in  detail. 

It  may  here  be  interesting  to  record  that  the  values  for  "  P  "  in 
the  case  of  a  Chicken  Pox  distribution  amongst  the  Quiiimane  Natives 
(for  the  same  group  of  Natives  as  in  Table  XXVI.)  was  found  to  be 
zero  to  more  than  six  places  of  decimals ;  and  that  the  ^.^  values  for 
both  tables,  viz.,  that  grouped  according  to  sequences  of  cases  of 
Chicken  Pox  and  sequences  of  the  unattacked,  is  larger  in  proportion 
to  the  number  of  sub-groups  than  any  of  the  values  for  the  pneumonia 
distributions.  In  the  Chicken  Pox  distribution  (the  unattacked),  two 
runs  occur,  one  of  150  and  the  other  of  445  ;  these  are  very  considerably 
in  excess  of  any  found  in  the  pneumonia  distributions. 

The  dates  of  admission  to  hospital  of  the  Natives  suffering  from 
pneumonia  who  constitute  the  runs  of  threes,  fours,  and  six,  are  given 
in  Table  XXVIII.  and  XXIX.  The  small  numbers  between  the  dates 
show  the  number  of  intervening  days. 

We  notice  on  reference  to  the  table  of  "  sequences  of  threes  " 
(TableXXVIII.)that  on  only  two  occasions  were  all  the  cases  admitted 
to  hospital  within  thirty  days.  Among  the  groups  of  four  and  over 
there  are  three  runs  of  threes  admitted  within  this  period,  and  none  of 
four  and  over.  Further,  we  note  that  a  considerable  number  of  pairs 
occurred  in  these  groups  with  very  short  intervals  between  the 
admissions;  this,  if  we  assume  infection  from  case  to  case,  would 
imply  a  very  short  incubation  period — unless  both  cases  were  infected 
from  some  common  source  and  not  the  one  from  the  other — whereas 
in  the  runs  of  threes  we  must  assume  a  much  longer  period.  The 
incubation  period  of  most  infectious  diseases  varies  within  fairly 
narrow  limits,  in  the  absence,  therefore,  of  definite  information  each 
observer  will,  for  the  present,  have  to  decide  for  himself  what  range 
he  considers  it  reasonable  to  assume  as  a  working  liypothesis  in 
respect  to  lobar  pneumonia. 

To  return  to  a  subject  previously  mentioned,  namely,  the  varying 
prevalence  of  pneumonia  on  different  mines.  It  is  quite  possible  that 
there  may  be  some  factor  or  factors  operative  to  a  different  extent  on 
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TABLE   XXVIII. 

Tabl(    giving  dates  nf  admission  to  hospital  of  Natives  bearing 
consecutive  numbers  m  sequences  of  three. 


Mozambique. 

Aiigoche. 

Nyassa. 

Quilimane. 

28.10.12 

114 

19.  2.13 

4J 

2.  4.13 

18.  9.12 

71 

28.11.12 
3.12.12 

28.  8.12 

14 

11.  9.12 

4S 

29.10.12 

14.  9.12 

74 

27.11.12 

96 

3.  3.13 

8.  9.12 

69 

6.11.12 
16.12.12 

30.  9.12 
21.11.12 

163 

2.  5.13 

6.11.12 

•5 

11.11.12 

39 

20.12.12 

Tete. 

23.11.12 

31 

24.12.12 

27 

20.  1.13 

30.10.12 
1.11.12 

13S 

19.  3.13 

16.  8.12 

17.  8.12 
loO 

14.  1.13 

13.11.12 

23 

6.12.12 

39 

14.  1.13 

23.11.12 
n 
23.11.12 

136 

8.  4.13 

1.  2.13 

10 

11.  2.13 

16 
27.  2.13 

22.11.12 

61 

22.  1.13 
u 

5.  2.13 

16.10.12 
65 

10.12.12 

79 

27.  2.13 
16.11.12 

21 

7.12.12 

10.12.12 
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TABLE  XXIX. 

Tabic  giving  dates  of  admission  to  hospital  of  Natives  hearing 
consecutive  numbers  in  sequences  of  four  and  over. 


Mozambique. 

Angoche. 

Nyassa. 

Quilimane. 

22.11.12 

16.  2.13 

26.  8.12 

23.10.12 

0 

22 

0 

5 

22.11.12 

10.  3.13 

26.  8.12 

28.10.12 

1 

25 

78 

115 

23.11.12 

4.  4.13 

22.11.12 

20.  2.13 

69 

■3 

■3 

28 

31.  1.13 

7.  4.13 

25.11.12 

20.  3.13 

4.10.12 

22.11.12 

31.10.12 

11.10.12 

39 

.35 

27 

30 

12.11.12 

27.12.12 

27.11.12 

10.11.12 

e 

65 

1 

42 

18.11.12 

1.  3.13 

28.11.12 

22.12.12 

17 

J2 

135 

47 

5.12.12 

13.  3.13 

14 

27.  3.13 

■32 

28.  4.13 

12.  4.13 

7.  2.13 

16.  9.12 

126 

20.  1.13 

70 

31.  3.13 

24 

24.  4.13 

one  property  as  compared  witli  another;  this  would  cause  an  undue 
grouping  of  cases  when  they  are  examined  by  the  metliods  just 
adopted.  An  estimate  of  the  effect  of  this  factor  may  be  arrived  at  in 
the  following  manner.  We  may  regard  each  series  of  twenty-five 
"  boys  "  as  a  group  by  itself,  and  determine  how  many  cases  of 
pneumonia  occurred  in  each  group.  We  can  then  calculate  liow  many 
of  these  groups  should  have  had  no  cases  of  pneumonia,  how  many 
one  case,  and  so  on,  by  the  formula20:  — 

m  (m—  1)  """  n  ! 

p       z= i i 

s  !  {lis)  !  m" 
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TABLE  XXX. 

NuvibcT  of  cases  of  pneumonia  occurring  in  groups  of  25 
Natives  icith  consecutive  numbers. 

Number  of         Observed    frequency  Theoretical 

Cases.  of  occurrence.  frequency.  Difference. 

0  16  10  4-6 

1  U  36  +8 

2  55  61  —  6 

3  58  70  —12 

4  69  60  +9 
6  30  41  —11 

6  23  24  —  1 

7  14  11  +3 

8  7  5  +2 

9  1  2  —  1 

10  2  1  +1 

11  2  0  +2 

321  321 

It  will  be  noticed  that  while  considerable  differences  are  found 
between  the  observed  and  the  expected  frequencies,  the  plus  and 
minus  differences  alternate,  no  definite  order  being  maintained. 

If  infection  from  case  to  case  were  the  cause  of  the  departure  of 
the  observed  from  the  theoretical  frequency,  we  should  expect  the 
groups  with  the  larger  numbers  of  affected  to  be  considerably  in  excess, 
while  those  with  the  smaller  numbers  should  be  uniformly  in  defect  : 
this,  however,  is  not  so.  This  method  of  dealing  with  the  problem  is 
not  entirely  free  from  objection,  nevertheless  it  should,  it  seems  to 
me,  be  sufficiently  accurate  to  demonstrate  any  general  law  underlying 
the  grouping  should  such  exist. 

Two  other  sources  of  error  also  exist ;  firstly,  all  the  Natives 
comprised  in  the  foregoing  tables  were  not  under  observation  for  the 
same  length  of  time  ;  and  secondly,  the  attack-rate  is  a  function  of  the 
period  of  residence  on  the  Reef.  Allowances  for  both  these  sources  of 
fallacy  will  be  made  in  the  following  analysis. 

We  may  now  consider  this  problem  from  another  point  of  view. 
If  the  pairs  arise  entirely  at  random,  then  the  interval  between  the 
dates  of  attack — or  what  we  have  to  consider  in  our  data,  the  dates  of 
admission  to  hospital — will  also  form  a  chance  distriliution  ;  that  is  to 
say,  the  number  of  pairs  observed  with  any  particular  interval  between 
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the  dates  of  admission  to  hospital,  will,  within  the  limits  of  errors  from 
random  sampling,  be  proportional  to  the  chances  of  pairs  with  such 
intervals  occurring.  Now  it  is  clear  that,  if  the  period  is  limited  to 
180  da.ys,  a  pair  of  O's  (i.e.,  both  members  of  the  pair  admitted  to 
hospital  on  the  same  day)  may  occur  on  180  days,  but  a  pair  with  a 
179  days  interval  can  only  occur  once,  as  the  first  member  of 
the  pair  must  be  attacked  on  the  first  day  of  observation  and  the 
second  on  the  last,  so  that  the  chance  of  a  pair  with  an  interval  of 
179  days  would  be  180  times  as  unlikely  as  a  pair  with  no  days 
interval.* 

This  statement  would  be  strictly  true  only  if  the  chance  of 
contracting  the  disease  was  uniform  throughout  the  period,  and  if  no 
gaps  were  made  in  our  series  by  deaths  and  repatriations.  The  former 
difidculty  will  be  discussed  more  at  length  later,  and  the  latter  must 
be  borne  in  mind  when  we  come  to  interpret  the  deductions  which 
can  be  drawn  from  these  figures.  This  factor  will  also  tend  to  reduce 
the  total  number  of  pairs  recorded. 

Table  XXXI.  gives  the  number  of  pairs  tabulated  according  to 
days  of  interval  between  admission  to  hospital  of  each  member  of  the 
pair,  grouped  in  ten  day  periods.  All  the  Natives  from  which  these 
figures  were  obtained  had  been  under  observation  for  six  months,  and 
no  pair  occurring  after  this  period  is  included,  so  that  an  interval  of 
more  than  182  days  cannot  arise.  Groups  of  three  or  more  Natives 
bearing  consecutive  numbers  have  been  split  into  pairs  ;  thus  a  group 
of  three  is  considered  as  two  pairs,  a  group  of  four  as  three  pairs,  and 
so  on. 

A  study  of  this  table  shows  that  the  "  want  of  fit  "  of  observation 
to  theory  is  largely  due  to  an  excess  of  cases  in  the  first  group.  We 
must,  however,  remember  that  the  attack-rate  is  not  uniform 
throughout  the  period  of  six  months,  and  we  shall  obtain  a  much  closer 
approximation  to  the  true  theoretical  distribution  if  we  make 
allowances  of  the  variations  in  the  attack-rate.  The  following  method 
was  suggested  to  me  by  Dr.  Troup.  If  we  divide  the  124  pairs  in  the 
same  ratio  as  the  monthly  attack-rate  (see  Table  III.),  we  obtain  the 
following  groups:— 31 -9,  25 -3,  19-8,  18-2,  16-5,  and  12-3.  Now  let 
us  calculate  the  distribution  of  12-3x6  pairs  over  the  whole  period, 

*  We  cau  calculate  the  miinber  of  pairs  to  be  expected  in  the  following  way : — 
Let  )i=  number  of  clays  in  the  period,  then  n+  (n — 1)  +  .  .  .  -l-2-f-l  =  m=  '^  {n  +  1). 
a  =  uvimber  of  pairs.  Let  it  be  required  to  find  the  number  expected  with  intervals 
0-9  days,  10-19  days,  etc.     Then, 

_  a  X  10(2n  — 9)i  _  10  a  (2n— 9) 
^"■''  -~  m  ~      n{n-\-  1) 

and  7-10    1.=  7',,    :,    ^|      etc. 
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TABLE  XXXI. 

Table  givnig  days  of  interval  betiveeyi  admission   to   hm^pital   of  eacli 

member  of  a  pair  as  observed,  also  giving  the  most  probable   number 

and  the  value  of  x^  for  the  difference. 


Days 
interval. 

( >bsei-ved 
number. 

Pri)l)able  number  on 
law   of  chance. 

X-' 

0-  9 

25 

13-3 

10-2925 

10-19 

12 

12-5 

0-0200 

20-29 

16 

11-8 

1  -4949 

30-39 

17 

11  0 

3-2727 

40-49 

10 

10-2 

0-0039 

50-59 

8 

9-5 

0-2368 

60-69 

5 

8-7 

1-5736 

70-79 

6 

8-0 

0-5000 

80-89 

4 

7-2 

1-4222 

90-99 

6 

6-5 

0-0385 

100-109 

2 

5-7 

2-4018 

110-119 

5 

4-9 

0-0020 

120-129 

2 

4-2 

1-1524 

130-139 

3 

3-4 

0-0471 

140-149 

2 

2-8 

0-2286 

150-159 

I 

1-9 

0-4263 

160-169 

0 

11 

1-1000 

170-179 

0 

124 

0-4 

0-4000 

Total 

•24-6133 

P  = 

=0-1043 

aud  (16-5 — 12-3)  or  4-2x5  pairs  over  the  first  five  months,  1-7x4 
pairs  over  the  first  four  months,  and  so  on.  We  shall  then,  by 
summing  the  number  of  pairs  occurring  with  0  to  9  days  interval,  etc., 
obtain  a  new  distribution  which  will  be  the  expected  distribution  when 
the  varying  monthly  attack-rates  have  been  allowed  for.  This  has 
been  done,  and  in  Table  XXXII.  the  contributions  to  the  total  number 
of  expected  pairs  from  each  factor  are  shown  in  columns  1  to  6.  The 
value  of  y^  =  111725,  which  leads  to  P=-8,  and  shows  that  when 
the  varying  monthly  attack-rates  ai-e  allowed  for,  the  distribution 
observed  does  not  differ  from  theory  by  more  than  might  reasonably 
be  expected  on  the  laws  of  random  sampling. 
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TABLE   XXXII. 

Table  giving  the  result  of  calculated  distribution  of  pairs  according 
to  the  monthly  attack-rate. 


Interval 
of  days. 

1 

2 

COLUMN. 
3                4 

5 

G 

Number  of 

pairs 

expected  by 

Theory. 

Observa- 
tion. 

•     X^^ 

0-     9 

7-95 

2-70 

1-08 

1-00 

3-34 

3-62 

19-69 

25 

1-4259 

10-  19 

7-50 

2-52 

0-99 

0-88 

2-74 

2-20 

16-83 

12 

1  -3714 

20-  29 

7-05 

2-33 

0-89 

0-77 

2-14 

0-78 

13-96 

16 

0-2857 

30-  39 

6-69 

2-14 

0-80 

0-65 

1-53 

11-71 

17 

2-4009 

40-  49 

6-14 

1-96 

0-71 

0-53 

0-53 

10-27 

10 

0-0087 

50-  59 

5 -,78 

1-78 

0-61 

0-41 

0-33 

8-91 

8 

0-0910 

60-  69 

5-24 

1-59 

0-52 

0-30 

7-65 

5 

0-9467 

70-  79 

4 -.78 

1-40 

0-43 

0-18 

6-79 

6 

0-9412 

80-  89 

4-33 

1-22 

0-33 

0  06 

5-94 

4 

0-3529 

90-  99 

3-88 

1-03 

0-24 

5-15 

6 

0-1688 

100-109 

3-42 

0-84 

0-14 

4-40 

2 

1-1000 

110-119 

2-97 

0-66 

005 

3-68 

5 

0-4568 

120-129 

2-51 

0-47 

2-98 

2 

0-3333 

130-139 

2-03 

0-29 

2-32 

3 

0-2130 

140-149 

1-61 

0-10 

1-71 

2 

0-0529 

150-159 

1-16 

1-16 

1 

0-0333 

160-169 

0-70 

0-70 

0 

0-7000 

170-179 

0-26 

0-25 

0 

0-2600 

73-89 

21  03 

6-79 

4-76 

11-01 

6-60 

124-10 

124 

11-1225 

P 

=  0-8497 

Unless,  therefore,  we  are  to  consider  that  infection  from  case 
to  case  is  as  likely  to  occur  with  an  interval  of  one  day  as  with  an 
interval  of  several  months,  there  seems  to  be  no  justification  for  the 
assumption  that  the  want  of  fit  in  the  distributions  given  in 
Table  XXVII.  can  be  ascribed  to  infection.  This  suggestion  of  an 
indeterminate  period  for  incubation  seems  hardly  reasonable,  and  has, 
so  far  as  I  know,  in  this  class  of  disease  no  parallel.  The  "  want  of 
fit  "  in  these  distribvitions  is  possibly  due  to  varying  attack-rates  on 
different  mine  properties,  combined  with  irregularities  due  to  the  fact 
that  all  the  Natives  in  these  groups  had  not  been  under  observation  for 
precisely  the  same  period,  and  also  that  the  attack-rate  varies  with 
the  period  of  residence.  The  improvement  in  the  "  fit  "  of  the 
distribution  shown  in  Table  XXXT.  when  these  two  latter  factors  are 
allowed  for  is,  as  we  have  seen,  very  marked. 

Before  leaving  this  question  of  the  infectiousness  of  pneumonia 
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there  is  one  other  point  to  which  attention  may  be  drawn.  We  have 
already  shown  that  the  attack-rate  of  pneumonia  is  greatest  on  the 
arrival  of  Natives  on  the  Rand,  and  gradually  decreases  as  the  period 
of  residence  increases  fsee  Tahles  TIT.  and  TV.).  The  usual  history- 
of  an  outbreak  of  an  infectious  disease  is  of  an  entirely  different 
character  ;  the  attack-rate  as  recorded  day  by  day  rises  more  or  less 
rapidly  for  some  days  xmtil  the  maximum  is  reached,  when  a  steady, 
but  somewhat  slo-w^er,  decline  takes  place.  In  the  case  of  pneumonia 
amongst  "  Tropical  Natives  "  we  find  the  onset  to  be  explosive  in 
character,  the  attack-rate  being  at  its  maximum  in  the  first  twenty- 
four  hours  after  arrival  on  the  Rand,  and  thereafter  falling  rapidly  : 
so  that  a  curve  showing  the  attack-rate  according  to  length  of  residence 
on  the  "  gold  fields  "  is  of  the  "  T  "  type  (see  Charts  I.  and  IT.)  ; 
such  a  curve  would,  T  think,  be  imique  as  representing  the  history  of 
an  outbreak  of  an  infectious  disease. 

Tn  conclusion,  a  study  of  these  figures  shows  definitely  that  if 
infection  from  case  to  case  play  any  part  in  determining  the  prevalence 
of  this  disease  among  "Tropical  Natives,"  it  can  be,  at  most,  but  a 
very  small  one :  and  moreover  we  can  obtain  no  evidence  of  its 
existence.  On  the  other  hand,  pneumococcal  coryzas  would  appear, 
at  least  among  Europeans,  to  be  markedly  infectious.  The  way  in 
which  catarrhal  attacks  often  apparently  associated  with  the  pneu- 
mococcus,  seem  to  spread  from  person  to  person  throughout  a 
household,  or  among  the  members  of  an  ofifice,  strongly  suggest  case 
to  case  infection,  nevertheless  no  such  phenomena  is  apparent  in  the 
case  of  pneumonia.  Nor.  among  these  Natives,  is  pneumonia 
commonly  preceded  by  catarrhal  conditions  of  the  naso-pharvnx.  or 
diseases  of  the  influenzal  type. 

Finally,  attention  may  be  again  drawn  to  the  fact  that  this 
section  deals  only  with  the  evidence  in  regard  to  infection  from  case 
to  case  among  the  Natives  themselves.  It  has  been  suggested  that 
the  outbreak  of  pneumonia  among  these  Natives  is  due  to  their 
infection  with  the  pneumococcus  contracted  from  Europeans  with 
whom  they  associate  when  travelling  to  the  mines.  At  present  there 
is  no  direct  evidence  available  in  connection  with  this  problem  :  it  is 
one  which  will  require  investigation  by  other  methods. 
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SECTION   IV. 

A  consideration  of  The  Effect  of  Prophylactic  Inoculation  of  a 
Pneumococcal  Vaccine  on  the  Incidence  and  Mortality  of  Pneumonia. 

A  brief  account  only  of  the  history  of  the  preventive  inoculation 
for  pneumonia  on  the  Band  need  be  given  here.  Full  details  of  the 
bacteriological  aspect  of  the  investigation  will  no  doubt  be  found  in 
Sir  Almroth  Wright's  expected  report,  and  I  shall  confine  myself  to 
considering  the  results  of  some  of  the  experiments  from  the  statistical 
point  of  view. 

Sir  Almroth  Wright,  on  the  invitation  of  the  Governing  body  of 
the  Witwatersrand  Native  Labour  Association,  arrived  in  Johannesburg 
at  the  end  of  September,  1911.  The  first  prophylactic  inoculations 
were  made  on  October  4th,  in  the  W.N.L.A.  compound;  "Tropical 
Natives  "  only  were  treated.  The  method  adopted  was,  first,  to 
exclude  from  a  gang  any  sick  Natives,  or  those  who  appeared  to  be 
sickening  for  some  illness,  and  then  to  divide  the  remainder  into 
halves:  the  members  of  one  half  received  a  prophylactic  inoculation, 
those  of  the  other  half  being  kept  under  observation  as  controls. 
These  inoculations  were  made  as  soon  as  possible  after  the  arrival  of 
the  Natives  in  the  compound,  and  thus  they  were  under  the  direct 
observation  of  Sir  Almroth  Wright  and  his  assistants,  for  a  period  of 
about  three  weeks  before  being  sent  to  work  on  the  mines. 

The  first  two  gangs  treated  received  a  dose  of  vaccine  of  forty  and 
sixty  millions  i-espectively ;  this  vaccine  was  prepared  in  London. 
Subsequently  a  locally  prepared  vaccine  was  used,  the  doses  being 
increased  to  100,  150,  and  200  millions.  All  inoculated  Natives 
received  two  doses  of  vaccine  unless  they  fell  sick  before  the  second 
was  due.  The  interval  between  the  injections  varied  from  about 
seven  to  twelve  days.  In  February  the  dose  was  increased  to  300 
millions.  This  series  of  inoculations  T  shall  refer  to  as  the  "  first 
experiment." 

While  these  inoculations  were  being  carried  out  in  the  W.N.L.A. 
Compound  large  numbers  of  Natives  were  being  similarly  treated  in 
some  of  the  mine  compounds  along  the  Eeef.  This  procedure  has 
unfortunately  made  it  impossible  to  satisfactorily  follow  the  history 
of  the  experimental  Natives  leaving  the  W.N.L.A.  Compound,  for  it 
was  discovered  that  some  of  the  controls  were  being  inadvertently 
inoculated,   and  that  inoculated  Natives  were  being  reinoculated,  on 
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the  mines.  The  inoculation  of  the  controls  after  a  period  of  residence 
on  the  Eand,  and  their  transference  from  the  group  "  control  "  to 
the  group  "  inoculated  "  constituted  a  very  serious  source  of  error. 
This  will  be  at  once  apparent  when  we  recollect  that  the  attack-rate 
falls  rapidly  with  the  increase  in  the  period  of  residence  ;  and  conse- 
quently, even  if  the  inoculation  itself  were  of  no  value,  such  a 
transfer  at  any  date  subsequent  to  the  commencement  of  the 
observations  would  give  rise  to  an  apparent  correlation  in  favour  of 
inoculation.  As  it  appeared  impossible  to  satisfactorily  estimate  the 
magnitude  of  this  source  of  error,  I  have  confined  myself  to  dealing 
with  the  results  of  this  investigation  only  in  so  far  as  they  were 
observed  in  the  W.N.L.A.  Compound. 

At  the  commencement  of  the  following  recruiting  season  for 
"  Tropical  Natives  " — August,  1912 — a  further  experiment  was 
planned,  the  preparation  of  the  vaccine,  and  the  inoculation  of  the 
"■  boys,"  being  conducted  by  Dr.  Parry  ^f organ,  one  of  Sir  Ahnrotli 
Wright's  assistants.  Approximately  8,000  Natives  were  dealt  with, 
and  I  shall  refer  to  this  investigation  as  the  "  8000  experiment."  In 
this  experiment  again  all  "  Tropical  Natives  "  on  arrival  in  the  com- 
pound were  divided  into  three  groups — sick  Natives  were  excluded,  and 
given  the  distinguishing  letter  "  F,"  and  the  remainder  were  divided 
into  two  classes  by  the  inoculation  of  four  and  the  omission  of  the 
fifth,  who  was  regarded  as  a  control  and  distinguished  by  the  letter 
"  E,"  the  inoculated  Natives  being  also  given  distinguishing  letters 
according  to  the  dose  of  vaccine  they  received.  Every  Native  in  this 
experiment  was  traced  for  a  period  of  at  least  six  months.  After 
allotment,  returns  were  received  from  the  mines  when  any  of  these 
Natives  were  admitted  to  hospital,  died,  or  were  repatriated,  together 
with  the  diagnosis  made  by  the  Medical  Officer  of  the  mine.  I  believe 
these  returns  are  as  exact  as  it  is  possible  to  get  them,  and  they  may 
be  safely  regarded  as  closely  approximating  to  the  real  conditions. 
The  doses  of  vaccine  inoculated  varied  from  250  to  2,500  millions.  A 
few  much  larger  doses  were  also  tried,  mainly  to  determine  if  very 
large  doses  would  give  rise  to  toxic  symptoms.  The  method  of 
preparing  the  vaccine  also  varied,  but  it  can  be  divided  into  two  main 
classes  :  vaccine  in  which  glucose  was  added  to  the  medium  in  which 
the  organism  was  grown,  and  that  in  which  it  was  omitted.  The  main 
ingredients  of  the  medium  were  broth  with  blood-serum  and 
haemoglobin,  to  which  in  some  cases  glucose  was  added.  These  two 
vaccines  will  be  subsequently  referred  to  as  "  Blood  Vaccine  "  and 
"  Glucose  Vaccine." 

The  following  table  shows  the  nature  of  the  vaccine,  the  dose,  and 
the  number  of  cases,  in  each  group  of  this  experiment. 
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TABLE   XXXIII. 

"  8000  Experiment." 
Results  over  period  of  six  ino)iths. 


Nature  of 
Vuccinc. 

Dnse 

in 

.Millions. 

Number 

in 
Group. 

Mean  ix)]). 
for  si.x 

montlis. 

PXErMONIA. 

liCtter, 

rase.«. 

si 

^1 
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1 

a  >= 
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Blood 

250 

646 

613 

81 
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25 

31 

C 

,, 

500 
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90 
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26 

29 

A  +  C 

,, 
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17 
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2 

12 
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22 
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3 

14 

G 

,, 

500 
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46 
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19 

41 

H 

,, 
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650 
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,, 

25001 
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119 

55 

29 

K 
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1500: 

1651 

1564 

175 

112 

55 

31 

Q 
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Odd    200 

-40000 

75 

72 

7 

97 

3 

43 

E 

Controls 

0 

1545 

1439 

231 

160 

74 

32 

F 

Omitted 

from 

experiment 

0 

354 

°  First  dose  100,  second  500. 

*  First  dose  250.  second  1.000. 

t  Doses  varied  from  2,400  to  3,000,  majority  2,500. 

I  Doses  varied  from  1 .250  to  1 ,875 ,  majority  1 .500. 

A  general  inspection  of  this  table  shows,  first,  that  the  attack-rate 
was  highest  amongst  the  controls,  but  that  the  case  mortality  in  this 
group  is  not  higher  than  that  of  several  of  the  inoculated  groups. 
Owing,  however,  to  the  small  numbers  comprised  in  many  of  these 
groups  errors  due  to  sampling  will  be  considerable,  and  to  estimate 
properly  the  effect  of  vaccination  we  must  adopt  other  methods  than 
those  of  mere  inspection  of  the  figures  and  rates.  The  effect  of 
inoculation  can  be  studied  in  relation  to  both  the  attack-rate  and  the 
death-rate  from  pneumonia.  Any  modification  of  the  severity  of  the 
attack  can  be  measured  either  by  the  case  mortality,  or  by  the 
length  of  the  illness,  if  it  were  possible  to  obtain  uniform  data  in 
regard  to  this  latter  point.  The  period  of  stay  in  the  mine  hospital 
was  stated  in  the  returns  received  from  the  mines,  but  on  enquiry 
it  became  evident  that  this  information  would  not  be  of  any  value 
for  the  purpose  of  determining  the  severity  of  the  attack,  because  in 
many   mine  hospitals  no  case  of  pneumonia  is  discharged   under    a 
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miuimum  period.  Any  results  reached  by  considering  the  period  spent 
in  hospital  (as  regards  the  returns  from  the  mines)  will,  for  this 
reason,  be  unsatisfactory. 

We  have,  therefore,  three  measures  by  which  we  can  estimate 
the  effect  of  prophylactic  inoculation  against  pneumonia ;  namely, 
(1)  the  attack-rate,  (2)  the  death-rate,  and  (3)  the  case  mortality 
from  this  disease.  The  question  arises  as  to  what  statistical  methods 
we  shall  employ  in  order  to  obtain  the  best  guide  to  the  results  of  this 
procedure.  One  naturally  tvu-ns  first  of  all  to  the  "  four- fold  table  "25 
method  of  Professor  Pearson,  the  tetrachoric  r^  (r/)  as  it  is  now  called. 
This  method  has  been  much  used  for  similar  material  in  relation  to 
vaccination  against  smallpox,  anti-typhoid  inoculation,  and  other 
enquiries  of  the  same  nature.  Recently,  however,  Mr.  G.  U.  Yule 
has  attacked  the  use  of  this  method  for  dealing  with  such  problems, 15 
and  has  suggested  as  preferable  the  employment  of  certain  "coefficients 
of  association."  A  full  reply  to  these  criticisms  of  Mr.  Yule,  and  a 
demonstration  that  his  suggested  measures  are  unsuitable  for  problems 
such  as  those  before  us,  has  been  made  by  Professor  Pearson  and 
Dr.  Heron. 16  The  objection  to  the  tetrachoric  r  is  that  this  method 
assumes  that  the  distribution  of  the  variates  is  continuous,  and  that 
they  are  Gaussian  in  type.  It  has,  however,  been  shown  that  a  very 
considerable  departure  from  normality  does  not  seriovisly  affect  the 
results  obtained  by  this  method,  provided  that  the  dichotomies  are  not 
taken  too  near  the  tails  of  the  distribution.  The  nature  of  our 
distributions  is  unfortunately  such,  that  the  divisions  in  many  instances 
occur  in  such  a  situation  that  only  small  frequencies  are  obtained  in 
two  of  the  cells.  These  inevitably  small  frequencies  constitute  an 
objection  to  the  use  of  this  method  for  solving  these  problems,  because 
we  are  unable  to  asserf  that  the  distribution  of  our  variates  is 
approximately  Gaussian  in  tvpe.  Mr.  Yule  would,  apparently,  even 
consider  them  discontinuous  :  for  as  he  says,  A  man  is  either  "  dead  " 
or  "  not  dead  "  ;  and  presumably  also  either  "  attacked  "  or  "  not 
attacked  "  by  any  specific  disease.  This  is  a  question  of  fundamental 
importance  :  and  although  it  has  been  fully  answered  by  Pearson  and 
Heron  in  the  paper  just  referred  to,  and  was  also  dealt  with  by 
Greenwood  at  the  time  of  its  enimeiation,17  yet  it  would  appear  desir- 
able to  deal  briefly  with  it  here  ;  for  it  is  apparently  one  which  presents 
difficulties  to  medical  readers,  to  whom  the  literature  referred  to  may 
not  always  be  readily  accessible. 

Let  us  consider  the  problem  in  regard  to  recoveries  and  deaths  in 
a  population  of  those  attacked  by  a  disease.  We  wish  to  measure  the 
virulence  of  an  outbreak  of  the  disease  by  the  ratio  of  recoveries  to 
deaths.  Are  we  then  to  consider  the  distribution  continuous  or 
discrete''     Tf  we  group  our  data  into  "  dead  "  and  "  not  dead,"  and 
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consider  the  groups  as  discrete,  and  differing  only  by  the  presence  or 
absence  of  a  character  (life) ,  we  are  assuming  that  the  disease  can 
be  best  represented  on  the  supposition  that  it  has  only  two  grades 
of  virulence.  If  on  the  other  hand  we  regard  virulence  as  a  continuous 
variate  we  shall  allow  for  every  grade  of  severity  in  attack,  and 
consider  the  dividing  line  (death)  merely  to  cut  this  distribution  at 
some  particular  place.  The  fact  that  the  continuous  distribution  is 
assumed  to  continue  after  the  position  of  the  dichotomy  appears  to 
constitute  a  difficulty  to  some.  The  medical  reader  will  perhaps  more 
easily  appreciate  the  conception  of  continuity  by  means  of  a  simple 
illustration.  Let  us  imagine  a  number  of  pellets,  shot  from  a  fixed 
air  gun,  to  travel  exactly  in  the  same  direction,  they  will  not,  never- 
theless, all  come  to  rest  at  the  same  spot ;  but  their  positions  can 
when  enough  have  been  discharged  be  represented  by  some  continuous 
curve.  If  they  were  allowed  to  fall  upon  a  tray  divided  into  compart- 
ments we  should  probably  find  that  in  the  first  compartment  a  stray 
pellet  or  so  was  present,  the  number  in  subsequent  compartments 
increasing  regularly  up  to  a  certain  compartment  and  thereafter 
decreasing.  That  is  to  say,  we  must  consider  the  velocity  of  the  pellets 
as  a  continuous  function,  influenced  it  may  be  by  many  factors.  If 
we  introduce  a  sheet  of  paper  at  any  position  on  the  range  so  that 
some  of  the  pellets  fall  short  of  the  paper  whilst  others  pierce  it,  it 
would  not  now  be  iiistifiable — in  fact  it  would  be  quite  misleading — 
to  consider  that  our  distribution  could  be  better  considered  as  discrete 
and  divisible  into  two  classes — those  that  "  pierce  "  and  those  that 
do  "  not  pierce  "  the  paper.  Clinical  observation  teaches  us  that  we 
have  in  most  diseases  a  rans^e  of  all  degrees  of  severity,  from  mere 
indisposition  up  to  death,  and  to  assume  that  a  break  in  the 
continuity  of  the  range  occurs  at  death,  or  that  the  range  terminates 
abruptly  at  this  point  is,  I  think,  unscientific,  particularly  as 
experience  shows  that  while  some  people  appear  only  just  to  fail  to 
overcome  the  disease,  others  have  seeminglv  from  the  commencement 
no  hope  of  recovery.  It  has  been  shown  that  in  some  diseases  at  any 
rate,  the  normal  curve  may  as  a  first  approximation  be  used  satisfac- 
torily to  describe  such  distributions.  Even  if  a  Type  T.  curve,  svich  as 
those  shown  in  Tharts  VTT.  and  VTIT.,  is  a  more  usual  form  than  the 
Gaussian,  very  little  error  will  be  introduced  in  the  value  of  r,  by 
assuming  the  distribution  to  be  normal,  unless  the  dichotomies  are 
made  at  the  extreme  limits  of  the  range. 

Tt  seems  to  me  that  the  "  four-fold  "  table  method  would  there- 
fore be  quite  satisfactory  for  ordinary  use  in  regard  to  the  variate 
"recovery  and  death,"  or  "attacked  and  not  attacked."  But  in 
regard  to  the  other  variate,  more  difficulty  arises  ;  are  we  to  consider 
"  inoculated    and     uninoculated  "    as     represented    by     a    continuous 
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distribution  of  more  or  less  Gaussian  type?  We  desire  to  measure 
the  protection  conferred  by  inoculation.  My  conception  of  the  problem 
is  as  follows:  Members  of  a  population  possess  the  character  "  power 
to  resist  attack  "  in  varying  amounts,  and  the  distribution  of  this 
population  in  regard  to  the  character  is  continuous  and  probably 
capable  of  being  represented,  at  least  approximately,  by  a  normal 
curve.  Assuming  inoculation  to  increase  this  "  power  to  resist 
attack,"  its  effect  will  be  to  bodily  move  the  treated  portion  of  this 
population  in  the  direction  of  increasing  amounts  of  this  power, 
without,  necessarily,  altering  the  type  of  the  distribution. 


The  accompanying  diagram  illustrates  this  suggestion.  The 
continuous  curve  represents  the  original  population  in  respect  to  the 
factor  "  power  to  resist  attack."  The  broken  curves  are  supposed  to 
represent  the  population  after  one  half  has  received  a  prophylactic  dose 
of  some  vaccine.  The  curve  representing  the  inoculated  population 
has  been  moved  to  the  right,  but  is  otherwise  unaltered.  The  shaded 
portion  of  the  diagram,  ending  at  the  ordinate  "2,"  is  supposed  to 
represent  diagramaticallv  the  portion  of  the  population  who  are 
attacked.  It  will  be  seen  that  the  effect  of  shifting  the  curve 
representing  the  inoculated  population  to  the  right,  is  to  reduce  the 
area  which  falls  in  the  shaded  portion  of  the  diagram,  i.e..  to  reduce 
the  number  of  the  population  who  contract  the  disease. 

If  this  conception  of  the  effect  of  inoculation  be  correct,  the 
amount  of  shift  in  the  position  of  the  mean  would  give  us  a  measure 
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of  the  protection  conferred  by  inoculation.  If  the  distributions  were 
truly  Gaussian  the  displacement  in  the  mean  of  the  inoculated  popu- 
lation could  easily  be  determined  from  a  table  of  the  "  Probability 
Integral  "  when  the  attack-rates  were  known.  But  unfortunately  we 
cannot  assert  that  the  distributions  are  Gaussian,  and  large  errors  may 
arise  when  the  attack  or  death  rates  are  small,  if  the  distribution 
should  not  be  so.  Further,  when  only  small  areas  at  the  tail  are  relied 
on  for  calculating  the  position  of  the  mean  errors  of  random  sampling, 
unless  very  large  total  numbers  are  being  dealt  with,  may  introduce 
serious  errors. 

Again,  the  two  sub-distributions  might  be  considered  as  concen- 
trated at  their  means,  and  then  regarded  as  differing  by  a 
unit  "  something  "  from  each  other,  with  a  mean  equidistant 
from  each  group  when  so  concentrated.  If  we  equalise 
the  groups,  we  could  by  using  the  "  New  Correlation  Method  " 
described  by  Professor  Pearson, 23  rapidly  calculate  the  correlation. 
This  method  of  equalising  the  sub-groups  is  arbitrary,  and  has  not, 
I  think,  any  theoretical  justification  ;  nevertheless,  it  has  the  advantage 
of  enabling  an  approximate  value  of  the  correlation  to  be  found  in  a 
few  moments  if  a  copy  of  Sheppard's  "  Tables  of  the  Probability 
Integral  "26  be  at  hand.  In  a  few  of  the  following  tables  the  value  of 
"  r  "  thus  obtained  has  been  added  (imder  the  symbol  r^!  )  ;  it  will  be 
noticed  that  this  value  rarely  differs  by  more  than  the  probable  error 
from  the  value  of  rt_  So  close  an  agreement  in  the  two  values  does 
not  always  occur,  and  in  a  few  experimental  examples  where  the  value 
of  Vi  was  large  the  values  differed  by  considerably  more  than  the 
probable  error. 

Considering  these  difficulties,  which  I  have  discussed  at  some 
length  because  of  their  intrinsic  importance  in  medical  problems,  we 
cannot  consider  the  "  four-fold  "  method  as  entirely  satisfactory  for 
our  present  purpose,  nevertheless,  if  a  correlation  value  is  desired  it 
is,  I  believe,  the  best  method  at  present  available  for  this  purpose. 
Fortunately,  however,  we  can  also  obtain  a  direct  measure  of  the 
improbability  that  our  observed  distributions  have  arisen  by  errors  of 
random  sampling,  without  making  any  supposition  as  to  the  nature 
of  the  distribution,  or  even  as  to  whether  the  variates  are  continuous 
or  discrete.  To  determine  this  vahie  the  "  goodness  of  fit  "14  is 
calculated,  the  value  of  P  for  given  -^  for  n'  =  4  is  rapidly  obtained 
from  Elderton's  Tables. 22  When,  however,  P  is  very  small,  it  is 
impossible  to  grasp  its  significance,  a  difficulty  which  has  been  met 
by  Professor  Pearson  by  the  introduction  of  a  correlation  scale  of  the 
improbahility  of  independence. "i-^  This  constant  is  denoted  by  the 
symbol  i ,, 

In  the  analysis  of  the  following  tables  I  have  calculated  the 
tetrachoric  "  r  "  (  r^  )  because,  although  not  perfect  for  this  purpose 
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it  is  useful  as  a  control,  and  is  also  useful  for  purpose  of  comparison  with 
similar  problems  in  which  it  has  previously  been  employed.  Everett's 
Tables  of  Tetrachoric  Functions24  were  used,  and  the  probable  error 
calculated  by  the  method  given  by  Pearson. 21  The  probability  of  the 
variations  obtained  having  arisen  by  chance  was  also  calculated  by  the 
method  of  "  goodness  of  fit,"  and  is  given  in  each  case,  and  in 
addition,  in  some  instances,  the  value  of  "  r^,  "  as  mentioned  above, 
o(Tr  being  determined  by  the  aid  of  Professor  Pearson's  tables,  and  r^ 
then  obtained  directly  from  Mr.  Soper's  Abac.  18  In  the  calculation 
ot  y^^  the  theoretical  values  were  taken  to  the  nearest  unit. 

Before  turning  to  the  actual  results  obtained  by  these  methods, 
it  will  be  well  to  consider  briefly  the  meaning  of  the  word  '"significant" 
when  applied  to  a  correlation  coefficient;  that  is  to  say,  the  interpre- 
tation of  a  result  in  relation  to  its  probable  error.  It  is  no  doubt  a 
matter  of  opinion,  to  a  certain  extent,  as  to  what  degree  of 
probabiUty  we  should  demand  before  a  value  can  rightly  be  considered 
as  significant.  No  reasonable  person  would  consider,  that  a  variation 
in  a  distribution  which  is  as  likely  as  not  to  arise  owing  to  errors  of 
random  sampling  was  significant  evidence  of  the  effective  introduction 
of  any  new  factor  in  the  causation  of  the  variation.  If,  however,  the 
odds  against  a  certain  distribution  arising  by  chance  are,  let  us  say, 
four  to  one,  can  we  then  consider  such  a  result  as  significant  of  the 
introduction  of  a  new  factor?  Clearly  not!  although  such  a  result 
might  be  considered  as  indicating  a  certain  '  a  priori  "  reason  for 
repeating  the  experiment,  yet  no  deductions  as  to  its  probable  influence 
could  be  legitimately  drawn  from  such  a  result.  The  odds  which  we 
should  demand  before  considering  a  result  as  significant  must  be  a 
matter  for  individual  judgment,  and  those  who  have  had  most 
experience  of  this  kind  of  analysis  will  be  best  able  to  form  a  reliable 
estimate  of  the  significance,  or  otherwise,  of  any  particular  value. 
The  usual  practice  amongst  biometric  workers  is  to  consider  a 
coefficient  of  correlation  as  probably  significant  if  its  value  is  greater 
than  three  times  the  value  of  its  probable  error.  For  general  purposes 
this  is  probably  a  fairly  safe  measure,  but  it  should  be  remembered 
that  even  a  guide  of  this  sort,  although  showing  that  the  chances  are 
certainly  in  favour  of  the  observed  correlation  being  significant,  does 
not  constitute  a  definite  proof  that  it  is  so,  and  all  collateral  evidence 
must  receive  due  weight.  It  is,  however,  in  this  sense  that  the  term 
"  significant  "  is  used  in  this  paper. 

First,  let  us  deal  with  the  results  of  what  we  have  termed  the 
"  first  experiment."  The  data  in  regard  to  the  number  attacked  with 
pneumonia  are  only  available  for  the  first  few  weeks  after  inoculation. 
The  number  attacked  in  each  group,  inoculated  and  uninoculated,  is 
shown  in  this  table. 
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TABLE  XXXIV. 

Inoculation. 
+  —  Total. 

Not  attacked 5822     5494     11316 

Attacked  149       195         344 


I'f  = 

■0876 

+ 

•0196 

x'  = 

8-73917 

P 

=  0837 

rp  = 

•06 

rk 

=  •07 

Total  5971     5689     11660 

There  is  a  small  but  appreciable  correlation  in  favour  of 
inoculation,  as  reducing  the  attack-rate;  and  the  chances  are  29  to  1 
against  so  large  a  variation  from  the  expected  arising  owing  to  errors 
of  random  sampling. 

If  we  employ  the  number  of  deaths,  instead  of  the  number 
attacked,  as  the  measure  of  the  effect  of  the  inoculation,  we  obtain 
the  following  results:  — 

TABLE   XXXV. 

Inoculation. 
+  —  Total. 

Not  dead        5922     5602     11524     ^  =       1475   +    "0268 

Dead  49        87         136     x^  =  1313498    P==0044 

r,,  =     -13        r„=-12 


Total  5971     5689     11660 

Here  the  odds  against  such  a  variation  from  the  expected  as  this  arising 
by  chance  are  227  to  1.  We  may,  therefore,  regard  both  these  corre- 
lations, although  small,  as  significant. 

A  table  of    recoveries    and    deaths    amongst    the  inoculated  and 
uninoculated  in  this  group  can  be  constructed,  and  is  as  follows:  — 


TABLE    XXXVI. 

Inoculation. 

+            —         Total. 

Recoveries 

100       108        208     n  = 

•1909   ±    -0567 

Deaths 

49         87         136     x''  = 

4-95219    P=-1761 

Total  149       195         344 

In  this  table  the  value  of  r,  is,  according  to  our  definition,  just 
significant,  and  the  odds  against  a  variation  as  large  as  this  arising  by 
chance  are  only  47  to  1. 

Finally,  from  the  figures  obtained  from  this  experiment  M'e  can 
form  a  "  three  by  two  fold  "  table,  as  under:  — 
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Inoculation. 

+            —          Total. 

Not  attacked 

5822     5494     11316 

Attacked ,    recovered . . . 

100       108         208 

Attacked,  died 

49         87         136 

.«- 12-96818    P-0237 


Total 


5971  5689  11660 


The  chances   are,   therefore,    about  42  to   1   against  this  distribution 
having  arisen  owing  to  errors  of  random  sampling. 

Turning  now  to  an  examination  of  the  data  obtained  from  the 
"  8000  experiment,"'  the  returns  from  which  are  available  for  a  period 
of  six  months,  we  can  construct  the  following  tables.  In  these  tables 
the  average  number  of  Natives  exposed  to  risk  for  the  period  dealt 
with  is  used,  not  the  number  actually  inoculated,  because  some  of  the 
Natives  died  from  other  causes  and  some  were  repatriated  during  the 
period  of  observation.  Tables  showing  the  number  attacked  and  the 
number  who  died  are  given  below. 

TABLE   XXXVIII. 


Not  attacked 
Attacked 

Total 


Inoculation. 
+  —         Total. 

5228     1208      6436 
694      231         925 

5922  1439   7361 


rt 


=     •1182   4-    0180 


x*=  19-64246    P=-0002 
r„  =     -10        n.  =-10 


Not  dead 
Dead 

Total 


TABLE   XXXIX. 

Inociilation. 
+  —         Total. 

5717     1365       7082     ''\ 
205         74         279     ^' 

^/' 

5922  1439   7361 


■1070   +    -0260 
8-49944    P=-0377 
•06  n  =-09 


These  results  confirm  those  already  found  from  the  "  first  experiment," 
in  that  they  show  that  whether  we  employ  the  attack-rate  or  the 
death-rate  as  the  measure  of  the  protection  afforded  by  inoculation, 
a  small,  but  definite  correlation  in  favour  of  this  process  is  observed 
in  all  four  tables. 
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TABLE   XL. 

Inoculation. 
+  —  Total. 

Recoveries       ...  ...       489       loT         645 

Deaths  205         74         279 


Ti  =      0424   ±    0397 
^-=   0-43750    P=-9130 


Total  694       231         925 


In  regard  to  the  effect  of  inoculation  on  the  case  mortality  the 
results  here  are  clearly  not  significant.  In  a  similar  table  constructed 
from  the  data  of  the  "  first  experiment  "  we  found  a  higher  correlation, 
but  as  the  value  of  P  w^as  -1761,  it  is  not  therefore  very  surprising  to 
find  a  lov^^er  value  here;  nevertheless,  as  the  correlation  vi^as  just 
"  significant  "  in  the  former  table  a  further  examination  vi^as  under- 
taken. It  seemed  possible  that  the  explanation  of  the  difference  in 
values  might  lie  in  the  fact  that  the  returns  for  the  "8000  experiment" 
dealt  with  a  six-month  period,  whereas  the  former  were  only 
concerned  with  a  mean  period  of  approximately  four  weeks  from  the 
date  of  inoculation,  and  if  the  beneficial  influence  in  this  respect  were 
only  of  temporary  duration  its  effect  might  be  masked  in  the  latter 
table.  To  estimate  the  value  of  this  suggestion  the  following  table 
was  constructed  by  including  only  the  cases  which  arose  in  the 
W.N.L.A.  compound  during  the  first  month  after  inoculation. 

TABLE   XLI. 

Case  Mortality. 

Inoculation. 
+  —         Total. 

Recoveries       ...  ...       105         32         137  __      •2085    4-    1)742 

Deaths  71         29         100       \^   0-81315    P= -8384 


Total  176         61         237 

Here  again,  although  the  absolute  value  of  the  correlation  is  increased 
it  cannot  in  relation  to  its  probable  error  be  considered  as  significant, 
and  the  value  of  F  indicates  that  variations  as  great  as  this  are  to  be 
expected  in  samples  of  this  size.  It  seems,  therefore,  that  while  we 
can  state  that  prophylactic  inoculation  has  a  value  in  diminishing  the 
attack-rate  from  pneumonia,  there  is  at  present  no  definite  evidence 
that  it  has  much  influence  in  lowering  the  case  mortality.  It  is 
possible  that  larger  numbers  when  available  may  definitely  settle  this 
point,  but  so  far  as  the  present  returns  go  we  have  only  a  suggestion 
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that  a  small  reduction  in  the  case  mortality  follows  preventive 
inoculation,  and  this  possibly  is  most  marked  for  a  short  period 
following  inoculation.  In  this  connection  one  point  remains  to  be 
noted ;  the  large  majority  of  Natives  comprised  in  the  inoculated  grovip 
of  the  "  first  experiment  "  received  two  comparatively  small  doses  of 
prophylactic  vaccine,  while  those  composing  this  group  in  the  "  8000 
experiment,"  with  a  few  exceptions,  received  only  one  dose.  Whether 
this  factor  had  any  effect  on  the  result  further  observation  can  alone 
definitely  determine,  the  following  considerations  may,  however,  be  of 
some  interest. 

A  reference  to  Table  XXXIII.  shows  that  the  two  groups,  in  the 
"  8000  experiment,"  which  received  two  doses  of  prophylactic  vaccine, 
viz.:  (A  +  C)  and  (D  +  H)  had  a  lower  case  mortality  than  any  of  the 
other  groups ;  but  the  number  of  cases  concerned  is  so  small  that 
uo  reliance  can  be  attached  to  such  results,  and  more  especially  so 
when  we  remember  how  very  variable  the  case  mortality  from  this 
disease  is  liable  to  be.  It  was,  nevertheless,  suggestive;  and  I  have, 
therefore,  tabled  the  records  of  146  cases  of  pneumonia  treated  in  the 
W.N.L.A.  Hospital  at  the  time  of  the  "  first  experiment,"  and 
have  grouped  them  according  to  whether  they  had  received  two  or 
only  one  dose  of  prophylactic  vaccine. 

TABLE   XLII. 

Inoculation. 
+  ++        Total. 


Eecovered        55         44  99 


Died  18         29  47 


r-         ^^t 


=      -2631    ±     0867 
-=   3  13883    P=-3736 


Total  73         73         146 

This  correlation,  if  considered  as  significant,  is  in  favoiu*  of  the 
cases  which  received  only  one  prophylactic  dose  of  vaccine.  There  are 
two  possibly  disturbing  factors  to  be  considered,  (1)  twenty-seven  of 
the  cases  in  the  first  group,  as  against  twenty-two  in  the  second,  were 
treated  with  a  pneumococcal  vaccine ;  this,  as  we  shall  see  later, 
would,  if  it  had  any  effect,  tend  to  reduce  the  correlation,  and  conse- 
quently the  observed  value  would  be  too  small:  (2)  the  cases  appearing 
in  the  first  group  occurred,  on  the  average,  sooner  after  arrival  in  the 
compound  than  those  in  the  second  group.  This  was  due  to  the  fact 
that,  with  very  few  exceptions,  all  these  Natives  received  two 
inoculations,  unless  they  had  fallen  sick  in  the  interval  after  the  first 
dose  and  before  the  second  was  due.  So  that  eases  among  the 
inoculated  occurring  within  a  week  or  ten  days  of  arrival  will  appear 
in  the  first  group  and  subsequent  cases  in  the  second  group.  We 
must  recollect,  however,  that  the  case  mortality  does  not  appear  to  be 
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a  function  of  the  period  of  residence  on  the  Eeef ;  and  if  this  factor 
has  any  influence,  it  may  be  due  to  the  fact  that  the  cases  in  the 
first  group  occur  on  the  whole  with  a  shorter  interval  between 
inoculation  and  attack  than  those  in  the  group  with  two  prophylactic 
inoculations.  Although,  as  previously  stated,  the  majority  of  Natives 
comprising  the  "  first  experiment  "  received  two  doses  of  prophylactic 
vaccine,  and  those  in  the  "  8000  experiment  "  only  one,  yet  no  satis- 
factory conclusions  in  respect  to  the  relative  value  of  one  or  two  doses 
can  be  drawn  from  the  case  mortality  rates  in  the  two  groups. 
First,  because  many  of  the  attacked  in  the  earlier  part  of  the  period 
— the  only  portion  for  which  we  have  reliable  records — had,  as  just 
explained,  only  received  the  first  dose;  secondly,  the  season  during 
which  they  were  under  observation  was  not  the  same,  and  the  case 
mortality  varies  considerably  from  time  to  time ;  thirdly,  the  doses  of 
the  vaccine  given  are  not  comparable  in  the  two  experiments. 

The    "three   by   two   fold"    table   for  the    "8000   experiment." 
corresponding  to  that  given  for  the  "  first  experiment,"  is  as  follows:  — 

TABLE   XLIII. 

Inoculation. 
+  —         Total. 

Not  attacked  ...     5228     1208      6436 

Kecovered       489       157         646     ,^  a  ^20120392    P=0011 

Died  205         74         279 


Total  5922     1439       7361 

Thus  only  once  in  a  thousand  samples  should  we  expect  a  result 
as  bad  as  this  if  the  variations  were  due  to  errors  of  sampling. 

Having  seen  that  a  certain  amount  of  protection  against  attack 
is  conferred  by  inoculation,  we  must  proceed  to  investigate  the  period 
for  which  such  protection  lasts.  Table  XLIV.  gives  the  monthly 
details  in  regard  to  the  number  attacked,  and  the  number  who  died 
(with  the  rates)  among  the  inoculated  and  controls  comprised  in  the 
"  8000  experiment." 

This  table  was  constructed  by  placing  in  the  group  1st  month 
all  cases  of  pneumonia  which  occurred  within  thirty  days  of  the  date 
of  inoculation,  and  so  on;  and,  the  deaths  in  each  group  refer  to 
deaths  among  the  attacked  in  each  month  after  inoculation.  Thus 
although  a  Native  may  have  died  on  the  fortieth  day  from  the  date  of 
inoculation  he  will  appear  as  a  death  in  the  first  mouth  if  the  disease 
was  contracted  within  thirty  days  from  inoculation. 
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An  inspection  of  this  table  shows  that  for  the  first  two  months  the 
attack-rate  amongst  the  inoculated  is  considerably  lower  than  amongst 
the  controls.  Four- fold  tables  for  the  attack-rate  for  each  month  have 
been  prepared,  and  are  as  follow: — 

TABLE  XLV. 


.4 — 1st  niovtJi. 

Not  attacked 
Attacked 

Total 

B — 2nd  hi  out  h. 

Not  attacked 
Attacked 

Total 

C — 3rd  month. 

Not  attacked 
Attacked 

Total 

D — 4th   »i.nnth. 

Not  attacked 
Attacked 

Total 

E — 6th  month. 

Not  attacked 
Attacked 


Inoculation. 
+  —  Total. 

5991     145/5       7446     Vt  =      'USS   ^r    0268 
179         68         247     x*=   949594    P=()221 


6170  1523   7698 


Inoculation. 
-f  —  Total. 

5939     1436       7375     Vf  =       1053   +    -0296 
140         52         192     x'=   fi-56665    P=0891 


6079     1488 


)67 


Inoculation. 
+  —  Total. 

5884     1426       7310     Vf  =      0373   +     0325 
116         33         149     x*==   0-69897    P=-8611 


6000  1459   7459 


Inoculation. 
+  —  Total. 

5782     1391       7173     r,  =       0808   +    0332 
100         34         134     v-^=   311217    P^-3770 


5882  1425   7307 


Inoculation. 
+  —  Total. 

5667     1358       7025     r,  =      "0596   +    -0357 
90        28         118     x*==   1-37287    P=-7159 


Total 


5757     1886       7143 
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F — 6th  month. 

Inoculation. 
+  —  Total. 

Not  attacked              ...     5579     1840       6919     rt  =—0077   +     0406 
Attacked  69         16  85     x''=   ^"^WO  P=.  1-00000 


Total  5648     1356       7004 

These  tables  show  that  after  the  first  two  months  there  is  ver\- 
little  evidence  in  favour  of  the  protective  influence  of  this  vaccination, 
but  as  the  number  of  the  controls  selected  was  small,  variations  in 
rates  due  to  small  samples  is  considerable.  The  variation  in  rates  is 
shown  graphically  in  Chart  XIa.,  where  it  will  be  noticed  how  much 
more  smoothly  the  rates  run  for  the  inoculated  than  for  the  uninocu- 
lated  :  the  former  are  based  on  approximately  four  times  the  number  of 
cases.  Eeturning  to  the  actual  figures  we  notice  that  for  the  6th  month, 
and  so  far  as  the  figures  are  available  for  the  7th  and  8th  months,  the 
attack-rates  among  the  uninoculated  are  actvially  a  little  less  than 
among  the  inoculated.  These  differences  are  clearly  not  significant, 
and  are  again  reversed  in  the  9th  month.  We  can,  I  think,  sum  up 
this  part  of  the  evidence  by  saying  that  these  returns  indicate  that 
any  protection  obtained  lasts  for  only  a  limited  period  after  inoculation , 
and  that  the  general  trend  of  the  figures  suggests  that  it  does  not 
entirely  disappear  until  about  the  fifth  month,  although  there  is  but 
little  positive  evidence  that  much  of  its  efficacy  remains  after  the 
second  month.  This  falling  off  is  even  more  marked  when  we  exclude 
second  attacks  from  the  returns,  as  is  shown  in  Chart  XIb. 

The  prevalence  of  second  attacks  of  pneumonia  occurring  among 
the  inoculated  and  the  controls  is  of  some  interest.  We  have  already 
seen — on  the  basis  of  our  previous  definition  of  "  second  attacks  " — 
that  one  attack  does  not  apparently  confer  any  immunity  against  a 
second.  From  the  figures  given  below  we  see  that  a  higher  value  is 
obtained  for  the  correlation  for  immunity  against  second  attacks 
amongst  the  inocluated,  than  that  for  the  general  attack-rate. 


TABLE 

XLVI. 

Inoculation . 

-f            —          Total. 

First  attack  only 
Second  attack 

514 

50 

146 
33 

660 

83 

r,  =      -2655   ±    -0582 
x*=  12-5328      P=0061 

Total    recoveries 
first  attack 

from 

564 

179 

743 

rp  =     -23        n  ='22 
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TABLE  XLVII. 


Inoculation . 
+  —  Total. 

Recovery  2nd  attack...         37         26  63     r,  =— 0955   4-    -1288 

Death  in  ,,         ...         13  7  20     y/=   0-27169    P=-9460 


Total  50        33  83 

The  table  for  the  attacks  is  constructed  from  all  recoveries  from 
first  attacks,  and  is  not  limited  to  a  six-month  period.  As  the  period 
of  exposure  to  risk  of  a  second  attack  varied  the  calculation  of  rates, 
except  for  the  comparison  of  the  one  group  with  the  other,  will  be 
without  value.  Although  the  second  attack-rate  amongst  the  inocu- 
lated appears  to  be  considerably  reduced  there  is  no  evidence  that  the 
case  mortality  is  favourably  affected.  An  examination  of  the  length  of 
the  interval  between  the  first  and  second  attacks  would  seem  to 
suggest  that  the  diminution  in  the  rate  among  the  inoculated  is  chiefly 
confined  to  a  period  of  thirty  days  after  the  primai'v  attack.  The 
figures  when  thus  sub-divided  are  very  small,  and  consequently  but 
little  weight  can  be  attached  to  this  observation  unless  confirmed  by 
future  records. 

The  question  of  the  effect  of  the  variations  in  the  size  of  the  dose 
of  protective  vaccine  can  now  be  considered.  The  inoculated  Natives 
are  divided  into  two  groups,  (1)  those  receiving  medium  doses,  viz., 
the  sub-groups  B.  C.  fA^C),  G,  H,  and  (B^C).  and  (2)  those 
classed  as  large  doses,  viz.,  sub-groups  -J,  K,  and  Q.  These  two 
groiips,  even  when  the  question  of  dose  is  excepted,  are  not  strictly 
comparable,  owing  to  the  fact  that  their  arrival  on  the  Rand  did  not 
take  place  at  the  same  time  of  the  year,  and  the  attack-rate  shows,  as 
we  have  seen,  a  seasonal  variation.  As  a  check  on  these  results  it  is 
advisable,  therefore,  to  divide  the  controls  into  two  groups,  to 
correspond  with  those  for  the  inoculated. 

TABLE   XLVIII. 

Inoculated  Csizeof  dose). 
Ijar^e.  Medium.  Total. 
Not  attacked              ...     2841     2387       5228     n  =      0153   +    -01 8(^ 
Attacked         369      325        694     x«=  0-42096    P=-9168 


Total  3210     2712       5922 
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Not  attacked 
Attacked 

Total 


TABLE   XLTX. 

Controls  to 
Large.  Medium.  Total. 
629       579       1208 
106       125        231 

735       704       1439 


Vi 


^~ 


•0857    +    -0334 
2-97172    P=-3967 


Neither  of  these  results  can  be  considered  as  really  significant,  but  any 
evidence  in  favour  of  the  group  "  large  dose  "  is  more  marked  among 
the  controls  than  the  inoculated. 

Tf  the  material  be  grouped  according  to  the  size  of  the  dose — 
taking  250  millions  as  the  unit  for  the  group — the  following  ta])le  can 
be  constructed  from  which  a  correlation  value  can  be  found  by  the  new 
method  described  bv  Professor  Pearson. 23 


Dose  of  vaccine 
Not  attacked 
Attacked 


TABLE    L. 


250      500      750     1000     1250    1500     1750    2000    2500  Total. 

532     1167  558      132     1391  1386    5166 

81       153  69        22      175  187      687 


Total 


613     1320 


627      154     1566 


1573     5853 


r  =  —0164  +  0157*     ^ '  =  3  27686     P  =  9850 

In  this  table  the  Natives  comprising  the  group  "  Q  "  are  omitted. 
We  again  obtain  what  is  practically  a  zero  correlation  between  the  size 
of  dose  and  freedom  from  attack.  The  rates  are  naturally  above  the 
mean  in  the  groups  250,  1,250,  and  2,500,  and  below  it  in  groups  500, 
1,000,  and  1,500;  while  the  variations  are  not  greater  than,  or  even 
so  great  as,  might  be  expected  to  arise  from  errors  of  random 
sainpling.  The  case  mortality  is  also,  so  far  as  these  figures  go, 
uninfluenced  bv  the  size  of  the  dose,  thus:  — 


TABLE    LI. 

Inoculated  fsize  of  dose) . 
Large.  Medium.  Total. 

Eecoveries       256       233         480 

Deaths  113        92        205 


^.^  =_0423   ±    0424 
^»=   0-45766    P=-9090 


Total 


369      325 


694 


*  The  probable  error  has  been  assumed  to  be  2  (.67449     / ) 
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TABLE    LIT. 


Controls  to 
Larpe.  Medium.  Total. 

Kecoveries       72         85         157  r-  =  - -0013   +     0727 

Deaths  34         4n  74  x '  =   0  00*^  ^  =  1  ■000<^ 


Total  106       125         231 

It  has  already  been  pointed  out  that  the  method  of  preparing  the 
vaccine  was  varied  by  the  addition,  in  some  cases,  of  glucose  to  the 
medium  in  which  the  organism  was  grown.  The  returns  can  be 
analysed  in  respect  of  this  point  as  follows:  — 

TABLE    LTTT.     (affarl-ratr) . 

Variety  of  vaccine. 
Blood.  Glucose.    Total. 
Not  attacked              ...     2696     2469       5165     Vf  =  -'0096   +    -0181 
Attacked  363       324         687     x"=   010577    P=-9790 


Total  3059     2793       5852 


TABLE   LIV.    (case  mortality). 

Variety  of  vaccine. 
Blood.  Glucose.    Total. 

Recoveries       255       230         485     7^^  =  - -0133   +    -0427 

Deaths  108         94         202     x'=   0-02815    P=-9944 


Total  363       324         687 

The  "  Q  "  group  is  omitted  from  these  tables  as  mixed  vaccines 
were  given  to  its  members.  In  both  these  tables  the  correlation  is 
virtually  zero,  and  there  is,  therefore,  no  evidence  that  the  addition 
of  glucose  to  the  culture  media  had  any  effect  on  the  results. 

The  morbidity  and  mortality  returns  obtained  in  regard  to  the 
Natives  constituting  the  "  8000  experiment  "  included  other  diseases 
as  well  as  pneumonia,  we  can,  therefore,  proceed  to  consider  the 
influence  of  the  prophylactic  inoculation  in  relation  to  "  other  medical 
diseases." 

Taking  first  the  whole  group  "  all  medical  diseases  other  than 
pneumonia,"  the  morbidity  table  for  the  six  months  is  as  follows:  — 
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TABLE   LV. 

Inoculation. 

+            —         Total. 

Not  attacked 

...     3378       761       4139     Vf  =      -0598  +    -0142 

Attacked 

...     2544       678      3222     x'=   808589    P=0446 

Total  5922     1439       7361 

In  all  the  morbidity  tables  throughout  this  memoir  it  must  be 
remembered  that  the  number  of  attacked  does  not  represent  the 
number  of  individual  -patients  admitted  to  hospital  but  the  number  of 
cases  admitted;  the  same  "  boy  "  may  have  been,  and,  as  a  matter 
of  fact  was,  particularly  in  regard  to  "other  medical  diseases," 
frequently  readmitted  on  one  or  more  occasions.  It  will  be  noted  that 
a  small  but  significant  correlation  in  favour  of  inoculation  is  obtained 
from  this  group  in  relation  to  the  attack-rate,  but  a  zero  correlation 
is  obtained  from  the  following  mortality  table. 


•0348 


Total  5922     1439       7361 

These  returns  can  be  further  sub-divided  into  respiratory  and 
non-respiratory  diseases.  Under  the  heading  respiratory  diseases, 
cases  reported  as  colds,  bronchial  catarrh,  broncho-pneumonia,  coughs, 
influenza,  tuberculosis,  etc.,  are  classified.! 

The  morbidity  and  mortality  tables  for  Respiratory  diseases, 
excluding  Lobar  Pneumonia,  are  as  under:  — 

TABLE  LVTI. 

Inoculation. 
+  —  Total. 

Not  attacked              ...     5080     1196       6276     n  =      '0657   ±     0178 
Attacked  842       243       1085     x'=   6-60737    P=0875 


TABLE   LVI. 

Inoculation. 

+           —         Total. 

Not  dead 

...     5821     1415       7236     n  =— -0052 

Dead 

...       101         24         125     x.^=  OOOOOi 

Total  5922     1439       7361 

f  Pulmonary  tuberculosis  accounted  for  in  all  sixty-two  cases,  fifteen  of  which 
(lied.  Three-quarters  of  the  deaths  from  Respiratory  diseases  other  than  pneumonia 
were,  therefore,  attributable  to  tuberculosis. 
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TABLE   LVIII. 

Inoculation. 

+           —         Total. 

Not  dead 

...     5907     1434       7341     Vt  =      0645    +    0706 

Dead 

15          5          20     y^^  0-32116    P=-9362 

Total  5922     1439       7361 

Here  again  we  obtain  a  correlation  in  favour  of  the  inoculated  in 
regard  to  the  attack-rate  from  these  diesases,  but  an  insignificant 
value  in  regard  to  the  death-rate.  It  will  be  observed  that  the  case 
mortality  in  this  group  of  diseases  is  low,  less  than  2  per  cent.  The 
number  of  deaths  dealt  with  is  so  small  that  no  conclusions  of  value 
can  be  drawn  from  this  table.  On  sub-dividing  the  morbidity  returns 
into  (1)  cases  which  occurred  in  the  W.N.L.A.  compound,  i.e.,  early 
cases,  and  (2)  cases  reported  from  the  mines,  a  drop  in  the  value  of 
the  correlation  corresponding  to  the  lapse  of  time  after  inoculation  is 
observed,  a  phenomenon  similar  to  that  found  in  the  tables  constructed 
from  the  pneumonia  rates.  The  following  are  tables  showing  attack- 
rate  from  Respiratory  diseases  excluding  pneumonia:  — 

TABLE    LIX. 

(Cases  occurring  in  the  W .N.L.A.  compound.) 

Inoculation. 
+  —         Total. 

Not  attacked              ...     5876     1418       7294     n  =       1503   +    0482 
Attacked  46         21  07     x^  =    6i7()45    P=-1048 


Total  5922     1489       7361 

TABLE    LX. 
(Cases  occurring  on  the  niines.) 

Inoculation. 
4-  —         Total. 

Not  attacked              ...     5158     1230       6388     Vf  =      0425    +    0179 
Attacked  764       209         973     x'=   2 -72033    P=-4422 


Total  5922     1439       7361 

Very  little  weight  can  be  attached  to  these  values,  nevertheless, 
so  far  as  they  go,  they  indicate  a  fall  in  the  value  of  the  correlation 
with  the  increase  of  time  after  inoculation. 
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The  group  "  other  medical  diseases,  excluding  pneumonia,"  and 
"other  respiratory  diseases,"  yield  zero  correlations,  and  the 
probability  is  that  the  observed  divergencies  from  the  most  probable 
distributions  are  merely  due  to  errors  of  random  sampling. 

The  following  tables  show  the  morbidity  and  mortality  returns 
from  other    medical    diseases    exchiding  pneumonia    and  respiratory 

diseases. 

TABLE   LXI. 


Inoculation. 
+  —  Total. 


Not  attacked 
Attacked 

Total 


4220     1004 

5224 

7>  = 

•0248   ±    -0150 

1702       435 

2137 

x^- 

1-21132    P=-7529 

5922     1439 

7361 

TABLE 

LXII. 

Inoculation. 

+           — 

Total. 

5836     1420 

7256 

t^t  = 

-•0233   +    0369 

86         19 

105 

X   - 

0  06264    P=9860 

Not  dead 
Dead 


Total  5922     1439       7361 

It  would  appear  then  that  while  prophylactic  inoculation  has 
apparently  some  influence  in  lowering  the  attack-rate  from  respiratory 
diseases  other  than  lobar  pneumonia  there  is  no  evidence  that  it  has 
any  influence  in  respect  to  non-respiratory  diseases.  This  influence 
on  respiratory  diseases  may  be  a  measure  of  the  prevalence  of  pneu- 
mococcal infections  in  this  group.  We  know  that  in  catarrhal 
conditions  of  the  naso-pharynx  the  pneumococcus  can  frequently  be 
recovered  from  the  secretions  in  almost  pure  culture.  Tn  some  cases 
of  broncho-pneumonia  it  can  be  obtained  by  lung-puncture,  and  may 
also  be  found  in  many  cases  in  the  sputum.  It  is  of  interest  in  this 
connection  to  record  that  Dr.  Watkins-Pitchford  informs  me  that 
during  the  last  year  the  pneumococcus  has  been  obtained  in  practically 
pure  culture  from  nearly  all  cases  of  so-called  "  Influenza  "  examined 
in  the  routine  laboratories  of  the  Institute,  and  that  the  influenza 
bacillus  has  been  but  rarely  seen ;  in  previous  years,  however,  the 
influenza  bacillus  was  frequently  recovered  from  such  cases. 

Summarising  the  results  obtained  by  this  analysis  of  the  experi- 
mental prophylactic  inoculation  with  pneumococcal  vaccine,  we  find: 

(1)  That  the  attack-rate  from  pneumonia  is  apparently  lessened 
by  inoculation,  a  small  positive  correlation  being  obtained. 
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(2)  That  the  beneficial  results  observed  are  most  marked  during 
the  first  month  after  inoculation,  and  that  they  gradualh'  diminish 
until  at  about  the  end  of  the  fourth  month,  no  protective  power 
apparently  remains. 

(3)  That  there  is  little  or  no  evidence  that  the  case  mortality  is 
favourably  affected  by  inoculation.  Possibly  the  fatality  of  the  disease 
may  be  reduced  for  a  short  period  after  inoculation. 

(4)  That  there  is  no  evidence  to  indicate  that  there  is  an  optimum 
dose  of  vaccine  to  procure  the  maximum  protection,  nor  whether  two 
prophylactic  injections  are  of  more  value  than  a  single  dose. 

(5)  That  the  addition  of  glucose  to  the  medium  for  the 
preparation  of  the  vaccine  is  associated  with  no  apparent  improvement 
in  the  results. 

(6)  That  the  attack-rate  from  other  respiratory  diseases  is  also 
favourably  influenced  by  this  vaccine  ;  this  is  probably  due  to  the  fact 
that  many  of  these  diseases  are  causally  associated  with  the 
pneumococcus. 

(7)  That  other  medical  diseases  are  uninfluenced  by  the 
prophylactic  use  of  this  vaccine. 

In  addition  to  organising  the  prophylactic  inoculations  against 
pneumonia  Sir  Almroth  Wright  conducted  a  small  number  of  experi- 
ments in  regard  to  the  curative  value  of  this  vaccine.  Alternate  cases 
of  pneumonia,  occurring  amongst  the  previously  vaccinated  and  the 
unvaccinated  Natives  admitted  to  the  W.N.L.A.  Hospital,  received 
treatment  with  vaccine.  The  hospital  case-sheets  of  the  patients  thus 
selected  for  treatment,  as  well  as  those  of  the  controls,  were  appro- 
priately marked.  I  have  been  able  to  trace  307  such  sheets,  of  which 
146  were  marked  "  treated  "  and  161  "  not  treated.'"  The  correlation 
obtained  between  vaccine  treatment  and  recovery  is  negative  in  sign, 
but  having  regard  to  its  probable  error,  it  is  not  significant. 

TABLE   LXIII. 

-i-  —  Total. 

Vaccine  treatmeut. 

Recoveries       93       112         205     /'^  =  --1099   ±    -0608 

Deaths  53         49         102     x'=   094150    P=-8122 


Total  146       161         807 

Tliese  figures  can  be  divided  into  two  sub-groups,  (1)  Natives  who 
had  previously  received  prophylactic  inoculation,   and   (2j   those  who 
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had  not.  In  110  cases  prophylactic  inoculation  had  been  given,  and 
in  this  group  the  correlation  is  suggestive  that  treatment  with  the 
vaccine  was  actually  harmful. 

TABLE   LXIV. 

Vaccine  treatment. 

+  —         Total. 

Eecoveries       29         48  ^^     Vt  =—-3415   +    0976 

Deaths  20         13  33     ^^^  4;37980    2^=  2274 


Total  49         61         110 

Of  the  previously  uninoculated  Natives  there  is  no  evidence  that 
vaccine  treatment  had  any  effect  in  influencing  the  case  mortality 
from  this  disease  ;  thus, 

TABLE   LXV. 

Vaccine  treatment. 

+  —         Total. 

Eecoveries       64         64         128     n  =      "^^^'^''^   ±    ''^'^^^ 

Deaths  33        36  69     x'=  0-^8948    P=-9822 


Total  97       100         197 

Unfortunately  no  discoverable  system  in  regard  to  number  oi 
doses,  size  of  dose,  or  period  of  the  disease  at  which  the  doses  were 
given  was  adopted,  so  that  it  is  impossible  to  sub-divide  these  groups 
further  with  any  advantage.  So  far  as  the  results  of  this  therapeutic 
experiment  go  we  can  say  that  there  is  no  evidence  that  vaccine 
treatment  was  of  any  value,  and  in  the  cases  in  which  a  prophylactic 
dose  of  vaccine  had  been  previously  received  there  is  a  certain  amount 
of  evidence  to  suggest  that  actual  harm  resulted  from  such  treatment. 

1  do  not  think,  liowever,  that  it  would  be  wise  to  generalise  too 
much  from  these  results,  and  probably  a  large  amount  of  inore  careful 
work  will  have  to  be  done  before  any  final  opinion  on  this  question 
can  be  satisfactorily  arrived  at.  These  results  are,  nevertheless, 
somewhat  surprising  in  view  of  the  definite  statements  which  have, 
from  time  to  time,  been  made  in  respect  to  the  efficacy  of  this 
particular  form  of  treatment.  For  example.  Dr.  J.  Eyrel9  writes  as 
follows: — "  Turning  now  to  the  other  phase  of  bacterial  therapy,  the 
employment  of  '  killed  cultivations  '  or  '  vaccines  '  in  the  treatment  of 
pneumonia,  a  considerable  measure  of  success  is  obtained."  Also  in 
the  same  article,   after  having  described  the  method  of  dosage  with 
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pneumococcal  vaccine,  the  author  proceeds  thus: — "By  this  means 
the  marked  rise  in  available  opsonin  that  naturally  precedes  the  crisis, 
and  the  consequent  fall  in  temperature  and  disappearance  of  physical 
signs,  may  be  considerably  anti-dated,  and  the  process  of  cure 
correspondingly  hastened." 

The  therapeutic  inoculations  here  discussed  were  carried  out 
entirely  under  Sir  Almroth  Wright's  personal  supervision,  and  by  his 
assistants,  so  that  it  is  unlikely  that  errors  in  technique  can  account 
for  the  want  of  success  obtained  in  these  cases.  No  figures  are 
recorded  in  support  of  Eyre's  assertions,  so  that  it  is  impossible  to 
hazard  any  sviggestions  as  to  why  the  results  recorded  here  correspond 
so  badly  with  those  claimed  by  some  European  writers. 
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SECTION   V. 

General  Conclusions. 

The  conclusions  to  be  drawn  from  the  foregoing  investigation  ma_\ 
now  be  briefly  stated. 
From  Section  I. :  — 

(1)  That  the  attack-rate  and  death-rate  from  pneumonia  amongst 
"  Tropical  Natives  "  living  on  the  Band  are  influenced  by  the  country 
of  origin  from  which  tlie  Natives  are  recruited. 

(2)  That  the  case  mortality  is  apparently  independent  of  the 
country  of  origin. 

(3)  That  the  highest  pneumonia  attack-rates  are  found  among 
the  gangs  which — judged  by  the  number  of  "  detentions  "  and 
"  rejects  " — have  the  lowest  physique. 

(4)  That  the  greatest  incidence  of  pneumonia  occurs  immediately 
on  the  arrival  of  the  Natives  on  the  Kand,  and  decreases  as  the  period 
of  their  residence  increases. 

(5)  That  the  case  mortality  so  far  as  can  be  judged  from  a  six- 
months  record  is  apparently  uninfluenced  by  the  length  of  residence 
on  the  Rand. 

(6)  That  pneumonia  is  most  prevalent  during  the  cold  season. 
From  Section  II. :  — 

(7)  That  the  clinical  signs  and  symptoms  of  pneumonia  among 
"  Tropical  Natives  "  do  not  differ  essentially  from  those  among 
Europeans. 

(8)  That  the  length  of  tlie  febrile  period  of  the  disease  is  probably 
somewhat  shorter  among  these  Natives  than  among  Europeans  in  the 
Northern  Hemisphere. 

(9)  That  while  the  methods  of  the  termination  of  the  pyrexial 
stage  are  similar  to  those  observed  elsewhere,  the  percentage  of  cases 
which  terminate  by  "  crisis  "  is,  among  these  Natives,  lower  than  the 
percentages  recorded  for  Europeans  in  other  countries. 

(10)  That  there  does  not  appear  to  be  any  essential  difference 
in  the  clinical  characters  of  the  attack,  nor  in  the  length  of  the 
convalescence,  whether  the  fever  terminate  by  "  crisis  "  or  by 
"  lysis." 

(11)  That  "  second  attacks  "  of  pneumonia  (as  defined  in  this 
memoir)  are  most  common  immediately  after  the  termination  of  the 
first  attack,  and  become  progressively  more  rare  as  the  period  after 
the  first  increases. 

(12)  That  the  rate  of  "  second  attacks  "  among  the  population  of 
the  previously  attack'ed  is  liiglier  than  the  primary  attack-rate  among 
the  whole  population. 
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(13)  That  the  case  mortahty  of  "  second  attacks"  is  probably 
lower  than  that  of  "  first  attacks." 

(14)  That  pneumococcal  meningitis  as  a  complication  of  pneu- 
monia appears  to  be  considerably  more  common  among  "  Tropical 
Natives  "  than  among  Europeans. 

(15)  That  amongst  the  Natives  it  is  more  conmion  to  find  two 
or  more  lobes  involved  in  the  pneumonic  process  than  amongst 
Europeans. 

(16)  That  the  stage  of  hepatization  of  the  lung,  as  observed  at 
the  post-mortem,  bears  no  constant  relation  to  the  length  of  the  illness 
before  death. 

(17)  That  tho  most  common  day  for  death  to  take  place  in 
pneumonia  is  the  fourth  day  of  illness. 

Section  III. : — 

(18)  That  there  is  no  evidence  from  the  data  examined  that 
pneumonia  spreads  from  case  to  case. 

(19)  That  the  irregular  grouping  which  is  observed  in  some  of 
the  tables  cannot  be  satisfactorily  accounted  for  on  the  assumption 
that  this  disease  is  infectious. 

Section  IV. : — 

(20)  That  prophylactic  inoculation  with  a  pneumococcal  vaccine, 
when  employed  immediately  on  the  arrival  of  these  Natives  on  the 
Kand,  appears  to  reduce  the  incidence  of  pneumonia  for  a  limited 
period. 

(21)  That  the  jjrotective  value  is  greatest  immediately  or  shortly 
after  inoculation,  and  progressively  diminishes. 

(22)  That  its  effect  does  not  appear  to  last  for  more  than  about 
four  months. 

(23)  That  in  these  records  there  is  no  evidence  that  prophylactic 
inoculation  has  any  influence  on  the  case  mortality,  except  possibly 
for  a  very  short  time  after  the  injection. 

(24)  That  the  experimental  treatment  of  cases  with  pneumococcal 
vaccine  did  not  favourably  influence  the  mortality  from  the  disease. 

(25)  That  there  is  some  evidence  to  suggest  that  treatment  with 
pneumococcal  vaccine  of  cases  which  had  re(5ently  received  a  prophy- 
lactic injection  of  a  similar  vaccine  was  harmful. 

The  investigation  has  thrown  but  little  light  on  the  problem  of  the 
causes  which  determine  the  outbreak  of  pneumonia  among  new 
arrivals  on  the  Reef ;  further  information  is  necessary  before  a  satis- 
factory hypothesis  can  be  propounded.  I  have  recentty  examined  the 
Qasal  secretions  of  a  small  number  of  "  East  Coast  "  Natives  on  their 
arrival  on  the  Rand,  with  a  view  to  determining  whether  the  pneu- 
mococcus  is  present  at  this  time.  The  results  so  far,  although  a 
suffr:ient  number  have  not  yet  been  examined  to  enable  rates  to   be 
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satisfactorily  determined,  sliow  that  it  is  not  uncommon  to  find  a 
pneumococcus  in  the  naso-pharynx  of  these  Natives  within  a  few- 
hours  of  their  arrival  in  the  W.N.L.A.  Compound.  The  obvious 
question  which  now  requires  an  f.nswer  is — does  the  pneumococcus 
exist  in  the  naso-pharynx  of  these  Natives  when  in  their  homes,  and 
if  not,  at  what  point  on  their  journey  to  the  mines  do  they  become 
infected '? 

It  has  been  pointed  out  in  Section  I.  that  the  outbreak  of  pneu- 
monia synchronises  with  the  arrival  of  the  Natives  on  the  Band,  and 
a  similar  phenomenon  has  been  observed  elsewhere  when  a  change  of 
residence  is  made.  It  is  of  considerable  practical  importance  to  deter- 
mine whether  change  of  climate  is  accompanied  by  the  appearance  of 
the  pneumococcus  in  a  previously  uninfected  naso-pharynx,  or  whether 
there  be  no  increase  in  the  rate  of  such  infections  owing  to  the  change 
iu  locality.  If  this  latter  event  were  found  to  be  correct,  and  the 
increased  incidence  of  pneumonia  be  not  associated  with  a  greater 
prevalence  of  the  pneumococcus  in  the  throats  of  the  apparently 
healthy,  then  the  suggestion  that  the  most  important  factor  in  deter- 
mining the  occurrence  of  the  disease  is  some  change  in  the  body  of 
the  immigrant — such  as  a  lowered  resistance — brought  about  by  the 
alterations  in  climate  would  gain  support. 

There  seems  little  doubt  that  pneumonia  is  not  unknown,  and 
possibly  not  even  rare,  among  "  Tropical  Natives  '  in  their  own 
country.  It  is  notoriously  difficult  to  get  reliable  information  from 
uneducated  Natives.  By  cross-examining  Natives  from  different  parts 
of  the  tropical  recruiting  area,  I  have  obtained  an  account  of  a  disease 
which  has  the  symptoms  of  pain  in  the  chest,  spitting  of  blood-stained 
sputum,  and  shortness  of  breath.  This  disease  is  stated  to  be  fre- 
quently fatal  within  three  or  four  days  of  its  onset.  Some  witnesses 
state  that  death  may  even  take  place  in  the  first  day  of  illness. 
Women  and  children,  as  well  as  men,  are  reported  to  suffer  from  it ; 
this  is  important,  as  it  shows  that  the  disease  is  not  confined  to  males 
who  have  returned  from  the  mines.  It  is  variously  stated  to  be 
"  common  "  and  "  not  very  common  "  by  Natives  from  different 
districts.  Mozambique  and  Nyassaland  Natives  give  the  native  name 
as  "  Parare  "  (literally,  pain  under  the  ribs)  ;  known  by  the  Maganja 
da  Costa  Natives  as  "  Aparu  "  ;  by  the  Yao's  as  "  Chisorma  "  ; 
Negroes  from  Blantyre  district  call  it  "  Kalaso  " ;  B.N. P.  name 
"  Chirombo." 

These  witnesses  have  uniformly  stated,  "  the  disease  is  a  serious 
one."  Although  no  doubt  other  diseases  may  be  included  under  such 
names,  the  description  given  undoubtedly  suggests  that  cases  of 
pneumonia  do  occur  in  these  districts. 
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The  Secretary  of  the  W.N.L.A.  has  kindly  given  me  permission 
to  publish  the  following  interesting  letter  on  this  subject  from 
Mr.  Hanner. 

Witwatersrand  Native  Labour  Association,  Limited. 

Matolla  Agency, 

18th  November,  1913. 
The  Secretary, 

W.N.L.A.,  Ltd., 

Johannesburg. 
Dear  Sir, 

Re  Pneutnonia  amongst  Tropicals. 

In  reply  to  yours  of  the  14th  inst.  referring  to  the  above,  1  beg 
to  inform  you  that  a  disease  very  similar  to  pneumonia  is  quite 
common  amongst  Nyassa  and  Zambesi  Natives. 

In  Portuguese  Nyassaland  it  is  knovi^n  as  "  Ngonjua  Chifua,"  or 
"  Kossamolla,"  and  amongst  the  Natives  of  the  Zambesi  valley  I 
believe  it  is  called  "  Anacoshola  Benca,"  but  as  it  is  some  sixteen  or 
seventeen  years  since  last  I  had  occasion  to  speak  "  Chikunda  "  1 
vi'ould  not  be  positive  as  to  whether  the  latter  name  is  correct. 

As  far  as  my  experience  goes  I  think  that  chest  diseases  are 
more  prevalent  amongst  the  Natives  of  the  Upper  Lujela  (Quilimane 
district).  It  may  be  of  interest  to  you  to  know  that  some  25  years 
ago,  when  I  first  went  to  the  Zambesi,  they  had  a  tremendous  famine 
which  literally  wiped  out  the  population  by  tens  of  thousands.  I 
myself  have  seen  people  lying  dead  under  the  trees  all  over  the 
country,  and  also  in  their  villages.  It  became  so  bad  at  Tete  that 
they  brought  the  bodies  and  threw  them  just  outside  the  cemetery. 

Tlie  tribe  that  sui^ered  the  most  were  the  people  who  lived  north 
of  Quilimane  and  towards  "  Shirwa,"  and  I  think  that  this  accounts 
for  the  poor  physique  of  the  Natives  living  in  this  part  of  the  country. 

The  people  who  suffer  the  least  from  chest  diseases  are  a  tribe 
called  "  Azimba,"  who  live  in  a  range  of  mountains  some  20  miles 
north  of  the  "  Kebrabassa  rapids,"  and  which  range  runs  practically 
up  to  "  Undis."  These  people  are  of  a  splendid  physique,  but  very 
wild.  When  I  was  living  amongst  them  the  paramount  Chief  was 
named  "  Biwi."  It  may  be  that  these  people  are  not  so  susceptible 
to  chest  complaints,  owing  to  the  high  altitude  at  which  they  live. 

Yours  faithfully, 

(Signed) 'e.    M.    HANNEE, 

Div.  Eecruiter. 

Clearly  this  hearsay  evidence  requires  confirmation  by  medical  and 
bacteriological  investigation  in  the  districts  themselves,  not  only  in 
regard  to  the  existence  of  the  disease  in  these  parts,  but  also  as  to  its 
relative  prevalence. 
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it  has  already  been  mentioned  that  some  of  the  apparent 
anomalies  in  regard  to  the  etiology  and  manifestations  of  pneumonia 
may  be  explicable  on  the  hypothesis  that  there  are  several  strains  or 
varieties  of  the  pneumococcus  with  different  properties.  If  this 
suggestion  receives  support  by  subsequent  investigation,  then  the 
problem  of  the  cause  of  the  prevalence  of  pneumonia  on  the  Band  will 
also  require  investigation  from  this  point  of  view.  It  will  'he  necessary 
to  determine  whether  the  type  of  organism  which  produces  the  disease 
in  tropical  districts- — if  the  disease  does  occur  there — is  the  same  as 
that  wiiich  is  common  on  the  Hand,  and  if  not,  is  the  alteration  due 
to  a  change  in  type  of  pneumococcus  developed  owing  to  changes  in 
the  host,  or  again,  is  a  freshly  acquired  organism  the  cause  of  the 
outbreak'.'  If  the  pneumococcus  be  found  to  be  much  less  prevalent 
in  the  low-veld  than  among  Natives  arriving  on  the  Eand,  then  it  is 
important  to  discover  at  what  point  in  their  journey  the  greater 
prevalence  is  acquired.  Arrangeixients  are  now  being  made  by  '  the 
Institute  to  undertake  at  an  early  date  an  investigation  on  these  lines, 
to  examine  the  Natives  at  the  various  compounds  on  the  route  of  their 
journey  to  the  Hand,  to  inspect  them  in  their  kraals,  and  also  if 
possible  to  study  some  cases  of  pneumonia  in  the  native  districts. 

JSince  the  foregoing  sections  have  been  in  the  press  my  attention 
has  been  drawn  to  a  paper  by  Drs.  Uochez  and  Gilespie27  on  the 
differentiation  of  strains  of  pneumococci.  In  view  of  this  work,  and 
of  its  confirmation  by  Dr.  Lister  in  this  Institute  from  a  somewhat 
different  standpoint,  it  will  be  important  to  discover  whether  "  second 
attacks  "  of  pneumonia  are  due  to  a  different  strain  of  organism.  If, 
as  seems  possible,  this  may  be  so,  it  will  be  necessary  to  determine 
whether  the  "  second  attack  "  is  a  new  infection,  a  latent  infection 
becoming  virulent  owing  to  the  effects  of  the  previous  illness,  or  a 
variation  of  the  original  strain  arising  by  selection.  Another  problem 
of  importance  is  to  determine  whether  the  pneumococcus  found  in 
normal  throats  is  the  source  of  infection  to  its  bearer  who  develops 
pneumonia,  and  if  so,  whether  any  discoverable  change  in  its  type 
precedes  the  attack. 

The  present  investigation  will,  I  hope,  serve  a  useful  purpose  by 
having  established  certain  facts  in  the  etiology  of  this  disease  among 
"  Tropical  Natives,"  and  by  having  directed  attention  to  some  of  the 
lacunae  in  our  knowledge.  Continued  scientific  investigation  is 
required  before  any  furtliev  advance  in  the  production  of  an  artificial 
immunity  against  attack,  or  any  solution  to  the  problem  of  increasing 
the  resistance  of  the  attacked,  can  be  expected.  The  wholesale  appli- 
cation of  empiric  remedies  cannot  but  have  a  reactionary  effect,  and 
the  tendency  in  some  quarters  on  the  Keef  to  consider  the  problem  of 
pneumonia  as  settled  will  only  result  in  retarding  progress. 
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In  conclusion  I  would  like  to  take  this  opportunity  of  thanking 
^Ir.  B.  G.  Lloyd,  General  ^lanager  of  the  Witwatersrand  Native 
Labour  Association,  for  his  courtesy  in  giving  me  free  access  to  the 
returns  of  the  Association,  and  Dr.  G.  A.  Turner,  Medical  Officer  to 
the  Association,  for  a  similar  favour  in  connection  with  the  hospital 
reports  and  records,  without  which  this  investigation  could  never  have 
been  undertaken.  .^ly  thanks  are  also  due  to  Dr.  -J.  McD.  Troup  for 
much  asisstance,  particularly  in  regard  to  some  of  the  mathematical 
problems  in  Section  TIT.  :  and  to  Dr.  W.  Watkins-Pitchford.  the 
Director  of  the  Institute,  for  constant  help  and  advice  in  the  numerous 
discussions  which  arose  in  the  course  of  the  investigation,  and  for  his 
kindness  in  reading  through  the  manuscript.  I  would  also  take  this 
opportunity  to  express  my  appreciation  of  the  painstaking  and  con- 
scientious manner  in  which  Mr.  P.  Hardwick  has  carried  out  the 
laborious  duty  of  compiling  and  checking  the  i-eturns  of  the  inoculation 
experiments. 

Finally,  I  wish  to  state,  that  although  I  have  sometimes  had 
occasion  to  adversely  criticise  statements  made  in  the  leading  text- 
books of  Medicine,  yet  this  has  not  been  done  in  a  captious  spirit ;  but 
because  such  criticisms  were  essential  in  order  to  show  that  the  state- 
ments had  not  been  disregarded.  No  thoughtful  practitioner  can  be 
insensible  of  the  debt  the  profession  owes  to  the  authors  of  these 
books,  nor  can  he  fail  to  realise  the  difficulty  of  maintaining  every 
portion  of  such  works  at  a  uniformly  high  level. 
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APPENDIX. 

A  Pneumococcal  Vaccine  Inoculation  Experiment  on  Natives  in 
the  employ  of  the  Central  Mining  and  Rand  Mines  Groups. 

Since  the  manuscript  of  the  foregoing  sections  has  been  in  the 
press  the  following  tables,  summarising  the  results  obtained  from  an 
experiment  in  anti-pneumonia  vaccination,  have  been  issued.  This 
experiment  has  been  carried  out  on  the  mines  under  the  control  of 
the  Central  Mining  and  Eand  Mines  Groups,  and  my  thanks  are  due 
to  the  managements  for  permission  to  publish  the  returns. 

In  consultation  with  the  Medical  Officers  of  these  mines  it  was 
decided  to  inoculate  three-quarters  of  all  "  Tropical,"  "  East  Coast," 
and  Basuto  Natives  on  the  properties,  the  remaining  quarter  to  be 
left  as  controls  to  the  larger  group.  Before  being  inoculated  the 
Natives  were  grouped  according  to  the  length  of  their  previous  service 
on  the  mine,  and  every  fourth  "  boy  "  excluded  from  the  inoculation, 
and  classed  as  a  control.  Only  one  inoculation  was  given,  the  dose 
being  "  1000  millions."  The  results  of  this  experiment,  for  the  first 
four  months,  are  reproduced  in  Tables  A.,  B.,  C.,  and  D. 

It  is  unnecessary  to  lay  stress  on  the  fact  that  in  an  investigation 
such  as  the  present,  where  many  managements  are  concerned  in 
carrying  out  a  somewhat  complicated  procedure,  the  experimental 
errors  will  necessarily  tend  to  be  larger  than  when  the  whole  experi- 
ment is  conducted  by  one  set  of  persons.  It  would  appear,  however, 
that  on  many  of  the  mines,  and  of  these  some  are  amongst  the  largest 
employers  of  native  labour  in  the  groups,  the  greatest  care  was  taken 
to  carry  out  minutely  the  instructions  issued,  while  it  is  equally  certain 
that  on  others  much  less  trouble  was  taken. 

On  one  large  group  of  mines  the  Medical  Officers  declined  to  be 
informed  as  to  whether  a  patient  was  or  was  not  an  inoculated  "  boy  " 
Tmtil  he  left  hospital,  in  order  that  no  unconscious  bias  should  affect 
their  diagnosis.  This  is  an  example  of  a  detail  in  method  which  might 
with  advantage  be  followed  by  all  medical  men  who  desire  to  obtain 
a  true  estimate  of  the  facts  of  such  experiments.  No  very  extensive 
knowledge  of  human  nature  is  required  to  establish  that  the  presence 
of  a  bias,  even  amongst  those  who  are  most  desirous  of  remaining 
strictly  impartial,  is  inevitable  where  an  observer  has  any  opinion  as 
to  the  efficacy  or  otherwise  of  any  procedure  the  effect  of  which  he  is 
investigating.  Further,  no  one  who  has  taken  an  interest  in  a  subject 
and  heard  it  discussed,  can  but  have  formed  some  mental  estimate  of 
its  value,  however  tentatively  such  an  estimate  may  be  held.  This 
digression  has  been  made,  because  the  effect  of  an  unconscious  bias 
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does  not  appear  to  be  sufficiently  recognised,  and,  further,  because 
some  of  the  reports  received  would  have  had  a  considerably  increased 
value  had  the  method  adopted  by  these  Medical  Officers  been  followed 
by  their  authors. 

Nevertheless,  so  far  as  can  be  ascertained  there  does  not  appear 
to  be  any  special  source  of  error  in  regard  to  this  experiment  which 
would  apply  to  the  inoculated  more  than  to  the  "  controls,"  or 
vice  versa. 

Turning  to  an  examination  of  the  data  given  in  Tables  A,  B,  C,  D, 
appearing  at  end  of  text,  the  effect  of  inoculation  may  be  studied  by 
the  same  methods  as  used  in  Section  IV.  :  but  here  the  calculation  of 
the  correlation  from  the  "  four-fold  table  "  will  not  lead  to  any  useful 
purpose.  Tt  will  be  sufficient  to  calculate  the  "  goodness  of  fit  "  of 
observation  to  theory  on  the  basis  of  independence.  The  following 
four  tables  are  constructed  from  the  group  "  all  Natives  "  for  each  of 
the  four  months,  and  deal  with  the  number  attacked  arnong  the 
"  inoculated  "  and  the  "  controls." 


Not  attacked 
Attacked 

Total 


TABLE    F.    (First   Month). 

Inoculation. 
+  —  Total. 

..     15618     5183     20801 
83         29         112 


15701  5212  20913 


^»  =  004787() 
P=    9905 


Not  attacked 
Attacked 

Total 


TABLE    G.    (Second   Month) 

Inoculation. 
+  —  Total. 

...     14883     4900     19783 
55         16        ■  71 


14938  4916  19854 


^''  =  0- 149388 
r=     97<)3 


Not  attacked 
Attacked 


TABLE   H.    (Third   Month). 

Inoculation. 
+  —  Total. 

...      13883     4577     18460 
39         22  61 


)^  2  =  4-340127 
P=    -2304 


Total 


13922  4599  18521 
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TABLE    I.    (Fourth   Month). 

Inoculation. 
+  —         Total. 

Not  attacked            ...     12980     4314     17294  x^  =  5080320 

Attacked        38  6  44  p=    -3812 


Total  13018     4320     17338 

In  the  first  month  the  attack-rates  were  actiiallT  slightly  in  favour 
of  the  "  controls,"  and  in  the  second  in  favour  of  the  "  inoculated," 
but  clearly  neither  value  has  any  significance.  In  the  third  month  the 
balance  in  favour  of  the  inoculated  is  more  marked,  and  the  chance 
against  a  divergence  as  great  as  that  observed  having  arisen  from 
errors  of  sampling  is  one  to  four.  In  the  fourth  month  the  lower 
attack-rate  is  again  found  amongst  the  uninoculated. 

Averaging  the  population  for  the  four  months,  the  following  tal)le 
is  obtained: — 

TABLE   J. 

Inoculation. 
+  —  Total. 

Not  attacked            ...     14180     4689     18869  x*  =  0"^18802 

Attacked        215         73        288  P=    9963 


Total  14395     4762     19157 

Thus  from  these  returns,  employing  the  group  "  All  Natives  "  as 
the  measure  of  efficacy,  no  support  is  obtained  for  the  hypothesis  that 
the  pneumococcal  vaccination  had  any  effect  in  lowering  the  attack- 
i*ate  from  pneumonia.  Can  we  therefore  legitimafely  assert  that 
these  figures  prove  that  the  prophylactic  use  of  this  vaccine  is  without 
value?  I  think  not.  The  attack-rates  from  this  disease  were  com- 
paratively speaking  low  throughout  the  period,  and,  therefore,  a  real 
protection  might  be  masked  by  the  errors  of  sampling.  The 
probability  of  such  an  occurrence  can  be  investigated  in  the  following 
way.  We  may  assume  that  a  certain  percentage  reduction  in  the 
attack-rate  should  follow  inoculation,  and  then  by  regarding  the 
attack-rate  of  either  group  as  representing  the  normal  for  that  group 
we  can  calculate  the  rate  to  be  expected  in  the  other  group,  and  from 
it  the  most  probable  number  of  Natives  who  would,  on  this  hypothesis, 
have  contracted  the  disease.  The  distribution  thus  found  is  then 
regarded  as  the  "  most  probable,"  and  the  deviation  from  it  as  being 
due  to  errors  of  sampling.  In  the  following  tables  I  have  regarded  the 
observed  rate  of  each  group  in  tvirn  as  the  "  normal  "  ;  the  true  normal 
rate  would  probably  lie  between  these  two  values,  and  therefore  the 
value  of  P  should  lie  between  the  values  as  given  in  the  tables. 
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TABLE   K.    (First  Month). 
Basis  of  30  per  cent,  reduction  due  to  Inoculation. 

Normal  rate  5 "6  per  thousand. 

.  • .  rate  among  Inoculated  3 '9 
per  thousand. 

Distribution  expected. 

+ 

15640         5183 


81 


29 


^»  =  7-9652 
P=    0469 


Normal  rate  5-3  per  thousand 

.  • .  rate  among  ' '  Controls 
7-6  per  thousand. 

Distribution  expected. 

,    + 

— 

15618 

5172 

88 

40 

x*  = 

3  0484 

P  = 

•3853 

TABLE  L.    (Second  Month). 
Basis  of  20  per  cent,  reduction  due  to  Inoculation. 


Normal  rate  3 '3  per  thousand. 

.  • .  rate  among  Inoculated  2  6 
per  thousand. 

Distribution  expected. 

+ 

14899         4900 


39 


16 


^*  =  7-546618 
P=    -0577 


Normal  rate  3-7  per  thousand. 

.  - .  rate  among  ' '  Controls 
4-6  per  thousand. 

Distribution  expected. 

+  I       — 

14883         4893 


55 


23 


x^  =  2140451 
P=    -5470 


TABLE   M.    (Third   Month). 
Basis  of  10  per  cent,  reduction  due  to  Inocidutidii . 


Normal  rate  4  8  per  thousand. 

.  - .  rate  among  Inoculated  4-o 
per  thousand. 

Distribution  expected. 

+  — 


Normal  rate  2 '8  per  thousand. 

.    .  rate  among  ' '  Controls 
3-1  per  thousand. 

Distribution  expected. 

+ 


13862 

4577 

62 

22 

y«  =  7-381818 

P  = 

■0620 

13883 


4585 


39 


14 


x^  =  4-585386 
P=      -2090 
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TABLE   N.    (Total  for  Four   Months). 
Basis  of  15  -per  cent,  reduction  due  to  Inoculation. 


Normal  rate  15 '3  per  thousand. 

.  • .  rate  among  Inoculated  lo'O 
per  thousand. 

Distribution  expected. 

+ 

14198         4689 


187 


73 


^»  =  4-247731 
P=    -2393 


Normal  rate  149  per  thousand. 

.  • .  rate  among  ' '  Controls 
17 '5  per  thousand. 

Distribution  expected. 

+ 


14180 


4679 


215 


83 


=  1-226191 
P=    -7495 


This  method  of  considering  the  problem  will  only  give  us  a  rough 
guide  to  the  improbability  that  the  observed  results  have  arisen  fi'om 
a  population  which,  if  large  enough  to  render  the  errors  of  sampling 
negligible,  would  have  shown  the  percentage  reduction  assumed  in  the 
tables.  The  right  hand  table  of  each  pair  is  based  on  the  more 
reasonable  assumption,  because  the  rates  calculated  from  the  larger 
group  will  be  less  influenced  by  errors  of  sampling ;  clearly,  however, 
neither  table  is  more  than  a  rough  appi-oximation.  as  the  rate  in  the 
group  called  "  normal  "  is  considered  as  being  free  from  errors  of 
sampling.  The  results,  nevertheless,  seem  to  me  to  indicate  that  we 
cannot  safely  conclude  that  these  returns  prove  pneumococcal  vaccina- 
tion, even  in  this  experiment,  to  be  valueless  :  for  variations  such  as 
those  observed  might  have  arisen  from  errors  of  sampling,  even  if  the 
percentage  reductions  such  as  those  assumed  were  to  have  been 
expected.  It  will  be  necessary,  therefore,  to  wait  for  larger  samples 
— when  such  small  total  rates  occur  amongst  the  attacked — before 
dogmatising  on  this  matter,  and  I  do  not  think  this  experiment  should 
be  accepted  as  definitely  negativing  the  results  found  from  the  "  8000 
experiment."  All  we  can  assert  is,  that  this  experiment,  carried  out 
on  the  mines  among  a  group  of  Natives  heterogeneous  as  to  race  and 
length  of  service,  do  not  confirm  the  results  deduced  from  the  "  8000 
experiment."  We  can,  however,  from  the  tables  supplied,  get  rid 
of  these  sources  of  heterogenity.  and  the  following  tables  deal  with 
the  results  for  the  four  months  for  each  territorial  group.  Further 
sub-division  has  not  been  undertaken  owing  to  the  small  number  of 
cases  which  occur  in  sub-groups,  except  in  the  case  of  the  group  "  All 
Natives,"  where  the  values  of  y*  and  P  are  shown  for  the  sub-groups 
according  to  period  of  service. 


100 


Pneumonia  Amongst  Natives 


Total 


Not  attacked 
Attacked 

Total 


TABLE   0. 
Basutos  (four  months). 
Inoculation. 


+ 

—         Total. 

Not  attacked 

923 

305       1228 

^»  =  0000000 

Attacked 

15 

5          20 

p=l- 

Total 

938 

310       1248 

TABLE   P. 

"  East  Coast  "  (four  moh 

iths). 

Ii 

loculation. 

+ 

—         Total. 

Not  attacked 

...       9612 

3213     12825 

^«  =  0-348257 

Attacked 

100 

38         138 

P=    -9308 

9712     3251     12963 

TABLE   Q. 

Tropicals  "  (four  months). 

Inoculation. 
+  —         Total. 

3645     1172       4817 
100         29         129 

3745     1201       4946 


x*  =  0174364 
P=:    -9653 


The  tables  of  the  sub-groups  of  the  group  "  All  Natives,"  classed 
according  to  period  of  service  on  the  mines  i)efore  inoculation,  are  as 
under:  — 

TABLE    R. 

Under   fhrcr    months'    .s-r/-r/rr. 
Inoculation. 


Not  attacked 
.\ttacked 


+  —         Total. 

3901     1220       5121 

93         28         121 


^«  =  004642ft 
P=    -9908 


Total 


3994     124ft       5242 
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Not  attacked 
Attacked 

Total 


Not  attacked 
Attacked 

Total 


Not  attacked 
Attacked 

Total 


TABLE    S. 
Under  six  months'  service. 

Inoculation. 

+  —         Total. 

4138     1357       5495 

63         28  91 


4201 

1385       5586 

' 

TABLE   T. 

Under  nine  months'  service. 

Inoculation. 

+ 

—         Total. 

.       2683 

866       3549 

37 

11           48 

2720 

877       3597 

TABLE    U. 
Over  nine  months'  service 

Inoculation. 
+  —         Total. 

3457     1246       4703 
22  6  28 

3479  1252   4731 


x*  =  l-479<X)8 
P=  -6916 


^.*  =  0-428097 
P=  -9149 


=  0191 569 
=  -9619 


It  is  evident,  therefore,  that  the  absence  of  any  indication  of  the 
efficacy  of  vaccination  as  a  prophylactic  measure  is  not  due  to  the 
masking  of  the  real  effect  due  to  the  heterogeneity  of  the  group  "  All 
Natives."  In  none  of  the  sub-groups  examined  in  Tables  0.  to  U.  is 
there  any  evidence  that  the  inoculated  Natives  had  an  appreciably 
lower  attack-rate  than  the  "  controls." 

Finally,  it  may  be  remarked  that  these  tables  illustrate  once  more 
the  fall  in  the  attack-rate  with  increase  in  the  period  of  residence  on 
the  Eeef.  The  total  attack-rate  for  the  four  months  for  Natives, 
under  three  mouths  is  23  per  thousand,  under  six  months  16  per 
thousand,  under  nine  months  13  per  thousand,  and  over  nine  months 
6  per  thousand. 
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CHART   III. 
Cerebro-spinal  Meningitis.     Distribution  of  cases  according  to  day 
of  onset  after  arrival  in  W.N.L.A.  Compound. 
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SPECIFIC      SEROLOGICAL      REACTIONS      WITH 

PNEUMOCOCCI  FROM  DIFFERENT 

SOURCES. 

Being  a  method  for  demonstrating  the  presence  of 
sfecific  opsonins  and  agglutinins  in  the  sera  of  pneumonic 
patients:  and  a  description  of  its  application  in  differen- 
tiating the  pneumococcus  into  distinct  groups. 

]-5y  f.  s.  lister,  m.e.c.s.,  l.r.c.p. 


During  the  latter  part  of  1911  and  the  early  part  of  1912  I  was 
engaged  as  an  assistant  to  Sir  Almroth  Wz-ight,  who  was  then  carrying 
out  researches  into  lobar  pneumonia  as  it  affected  the  native  labourers 
on  the  Witwatersrand.  Whilst  so  engaged  one  was  struck  with  the 
comparative  rarity  with  which  pneumococci  recently  isolated  from 
cases  of  lobar  pneumonia  were  satisfactorily  opsonised,  even  by  the 
serum  of  pneumonic  patients.  On  two  occasions,  however,  I  obtained 
opsonic  preparations  of  a  quite  exceptional  character,  which  showed 
massive  agglutination  of  cocci,  together  with  such  a  degree  of 
phagocytosis  that  opsonic  enumeration  was  impossible. 

In  June  of  the  present  year  I  set  myself  to  prepare,  if  it  were 
practicable,  sensitised  vaccines  of  the  pneumococcus.  For  this  purpose 
it  was  desirable  to  obtain  a  highly  immune  serum,  or  at  least  a  serum 
having  the  properties  which  I  had  found  on  the  two  occasions  referred 
to  above.  It  occurred  to  me  that  a  serum  possessing  these  charac- 
teristics might  be  secured  from  a  patient  at,  or  about,  the  time  of  his 
crisis.  The  sera  of  five  such  patients  all  failed  to  give  any  reaction, 
such  as  described  above,  when  tested  with  a  stock  culture  of  pneu- 
mococcus which  had  been  recently  isolated,  by  blood-culture,  from  a 
case  of  pneumonia.  This  culture  was  also  tested  with  four  normal 
sera  with  similarly  negative  results  ;  it  was,  however,  pathogenic  to 
mice.  Casting  about  for  an  explanation  of  this  phenomenon,  't 
occurred  to  me  that  I  might  obtain  the  reaction  which  I  sought  for 
if  I  were  to  make  use  of  the  patient's  own  pneumococcus  and  employ 
his  own  serum  in  carrying  out  the  test.  In  this  investigation  I  have 
obtained  cultures  of  the  pneumococcus  by  lung-puncture  in  twenty 
cases  of  lobar  pneumonia,  and  I  have  also  obtained  samples  of  serum 
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from  the  same  patients  at  different  periods  of  their  disease.  The 
reactions  of  these  various  pneumococci  and  sera,  one  with  the  other, 
form  the  principal  subject  of  this  communication.  It  should  be 
remarked  that  my  twenty  cases  yielding  the  pneumococcus  were  not 
necessarily  consecutive  cases  of  pneumonia  ;  for  the  performance  of 
lung-puncture  was  not  always  productive  of  a  growth  of  the  pneu- 
mococcus, and  such  cases  were,  therefore,  of  no  use  for  my  purpose. 

Technique.  Wright's  opsonic  method  CI)  as  carried  out  by  means 
of  the  "  teat  and  capillary  glass  tube  "  is  the  one  which  I  have 
adopted  in  my  enquiry.  By  one  practised  in  the  technique  the  testing 
of  a  large  number  of  sera  can  be  quickly  performed ;  this  is  an 
important  consideration,  as  the  number  of  specimens  to  be  examined 
increases  rapidly  with  each  fresh  case  investigated.  An  additional 
advantage  of  the  method  is  that  it  enables  both  agglutination  and 
phagocytosis  to  be  observed  in  the  same  preparation. 

In  order  to  secure  uniformity,  and  to  exclude  as  far  as  possible 
the  chance  of  a  reaction  occurring  with  normal  sera,  the  following 
conditions  were  adhered  to  throughout:  — 

(1)  The  pneumococci  were  grown  on  human-blood-agar.  I  have 
noticed  that  such  cultures  are  less  susceptible  to  phagocytosis  than 
those  grown  on  serum  or  ascitic-agar. 

(2)  The  emulsions  of  cocci  were  made  in  0'85  per  cent,  saline, 
and  were  so  prepared  as  to  be  free  from  "  clumps  "  and  "  chains." 
If  distilled  water  be  employed  a  much  greater  degree  of  phagocytosis 
is  liable  to  occur,  especially  with  certain  strains  of  the  organism.  (2) 

(3)  The  phagocytic  mixtures  were  incubated  for  fifteen  minutes. 

(4)  The  phagocytic  mixtures  consisted  of  equal  volumes  of  blood 
corpuscles,  emulsion  of  pneumococci,  and  unheated  serum. 

(5)  The  blood  corpuscles  were  obtained  in  every  case  by  pricking 
the  skin  of  my  own  finger. 

(6)  The  blood  was  collected  into  IS  per  cent,  sodium  citrate 
solution,  the  mixture  was  centrifuged  and  the  deposited  corpuscles 
were  washed  twice  with  0-85  per  cent,  saline. 

(7)  The  sera  from  patients  and  the  "  control  "  were  collected  by 
means  of  Wright's  blood-capsules  after  puncturing  the  skin  of  the 
finger. 

(8)  The  source  of  "  control    '  serum  was  always  my  own  blood. 

(9)  The  cultures  of  pneumococci  made  use  of  have  been  obtained 
by  lung-puncture  only.*     That  the  cultures  should  be  obtained  either 

*  Without  expressing  any  opinion  of  the  safety  of  this  procedure  as  a  routine 
method  of  obtaining  a  bacterial  sample,  I  may  state  that  in  only  one  instance  out 
of  a  total  of  thirty-three  was  the  operation  followed  by  any  untoward  result.  In  this 
case  a  somewhat  alarming  haemoptysis  supervened,  and  the  respiration  became 
embarrassed.  These  symptoms,  however,  subsided  within  six  hours,  and  the  patient 
made  an  uneventful  recovery  from  his  pneumonia. 
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by  lung-puncture  or  blood  cultivation  is  a  condition  which  I  consider 
to  be  of  considerable  importance,  for  a  culture  which  is  obtained  from 
the  sputum  may  possibly  represent  no  more  than  the  pneumococcus 
which  is  frequently  present  in  the  throats  of  healthy  persons  ;  the 
latter  event  is  certainly  possible  if  the  sputum  has  not  been  thoroughly 
washed.  Pneumococci  from  the  nose  and  pharynx  are  presumably 
less  virulent  than  those  obtained  from  pulmonary  lesions. 

It  might  be  thought  permissible  to  make  use  of  cultures  obtained 
by  inoculating  mice  with  the  pneumonic  sputum,  but  the  fact  must 
be  borne  in  mind  that  the  pneumococci  from  the  noses  and  throats  oi 
even  healthy  people  occasionally  prove  fatal  to  these  animals. 

Throughout  the  experiments  which  I  shall  now  briefly  record  each 
case  of  pneumonia  was  given  a  serial  number,  and  the  same  serial 
number  was  also  used  to  designate  both  the  serum  and  the  pneu- 
mococcal grovtiih  yielded  by  the  same  patient. 

Case  I.  "  Tropical  "  Native.  Lobar  Pneumonia.  Pneumococci  isolated  by 
lung-puncture  (Culture  I.)-     Serum  (Serum  I.)  collected  immediately  after  crisis. 

The  serum  of  the  patient  and  also  the  "  control  "  Cnormal)  serum  were  tested 
with  Culture  I. — that  is.  the  patient's  own  organism.  With  the  "  control  "  serum 
there  was  practically  no  phagocytosis  (0/50) ,  neither  was  there  any  agglutination. 
With  the  patient's  serum,  phagocytosis  was  so  excessive  as  to  be  uncountable,  whilst 
agglutination  was  very  marked.  The  agglutination  took  the  form  of  areas  of  com- 
pacted cocci,  and  some  of  these  areas  were  so  large  that  they  covered  the  entire 
microscopic  field. 

Case  II.  Pondo  Native.  Lobar  Pneumonia.  Pneumococci  isolated  by  lung- 
puncture  four  days  before  crisis  (Culture  11.).     Serum  collected  and  tested  daily. 

The  serum  on  the  four  days  preceding  the  crisis  produced  no  obvious  reaction 
with  the  organism,  but  on  the  day  on  which  the  temperature  began  to  fall  massive 
agglutination  together  with  uncountable  phagocytosis  occurred.  The  temperature  on 
the  following  morning  was  normal,  and  the  patient  presented  all  those  symptoms  of 
improvement  which  are  usually  associated  with  recovery  by  crisis.  The  "  control  " 
serum  did  not  exhibit  at  any  time  the  slightest  degree  of  opsonic  or  agglutinative 
action. 

Although  I  have  stated  that  the  patient's  serum  presented  no  obvious  reaction 
on  the  four  days  preceding  the  crisis,  yet  a  sample  which  was  collected  twelve  hours 
before  the  fall  in  the  temperature  commenced  showed  some  signs  of  agglutination, 
there  being  many  clumps  of  five  to  eight  cocci  distributed  along  the  edge  of  the 
opsonic  film.     A  similar  phenomenon  did  not  occur  in  the  "  control  "  preparation. 

The  critical  serum  of  Case  I.  when  tested  with  Culture  II.,  and  the  critical 
serum  of  Case  II.  when  tested  with  Culture  I.,  gave  no  evidence  of  reaction. 

Cases  III.  and  lY.  Pondo  and  Baca  Natives  respectively.  The  pneumococcus 
was  obtained  from  both  of  these  some  days  before  the  crisis.  The  behaviour  of 
these  organisms,  as  to  their  serological  reactions,  was  similar  to  that  described  under 
Case  n.  The  serum  from  Case  I.  again  failed  to  produce  any  reaction  with  either 
Cultures  III.  or  IV.,  and  Sera  m.  and  TV.  failed  to  react  with  Culture  I.,  despite 
the  fact  that  they  had  developed  the  power  to  act  with  Cultures  m.  and  IV.  I 
found,  however,  that  any  of  the  Sera  II.,  HI.,  or  TV.,  reacted  typically  with  any 
of  the  Cultures  11.,  m.,  or  IV.  Such  a  result  suggested  that  one  had  to  deal  with 
groups  or  strains  of  pneumococci.  It  appeared  that  these  strains  of  pneumococci 
differed  from  one  another  in  their  reactions   with   immune   sera,   a   difference  which 
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wa3  both  striking  and  easily  recognisable  under  the  microscope.  The  application  of 
such  a  method  to  the  identification  of  different  groups  of  pneumococci  would  have 
very  definite  advantages,  as  the  criterion  would  be  the  presence  or  absence  of  very 
marked  phenomena,  and  not  the  estimation  of  slight  gradations  or  variations  in  a 
picture  common  to  all  the  observations.  The  error  which  inevitably  arises  from  the 
personal  equation  is  therefore  avoided. 

After  m_v  experiments  with  the  four  cases  as  described  above, 
my  objective  became  definitely  settled  in  the  direction  of  the  search 
for:  (1)  The  existence  of  groups  of  pneumococci  having  distinct  sero- 
logical reactions  ;  (2)  the  presence  in  "  critical  "  sera*  from  pneumonic 
patients  of  specific  opsonins ;  and  (3)  the  presence  of  specific 
agglutinins  in  "  critical  "  sera  from  pneumonic  patients. 

Upon  a  perusal  of  the  accessible  literature  a  number  of  references 
bearing  upon  these  subjects  have  been  found.     Thus  I  note  that:  — 

J.  H.  Musser  and  G.  W.  Norris(3),  referring  to  Rosenow,  state 
that  he  was  unable  to  find  phagocytosis  of  virulent  pneumococci  by 
normal  or  by  the  patient's  serum  until  the  organism  had  been 
attenuated  by  cultivation.  He  states  that  pneumococci  which  had 
been  isolated  from  the  patient's  blood,  before,  during,  or  after  crisis, 
are  not  taken  up  (sic)  either  by  normal  or  the  patient's  serum  in  vitro. 

W.  H.  Park  and  Anna  W.  Williams (4)  have  suggested  the  possi- 
bility of  separating  pneumococci  into  groups  by  means  of  differences 
in  their  moi-phological  characteristics  ;  they  also  place  Streptococcus 
mucosus  capsulatus  amongst  the  pneumococci ;  and  referring  to  agglu- 
tination and  quoting  Collins,  conclude  that  the  phenomenon  is  so 
variable  as  to  be  of  no  practical  valu  . 

L.  Cotoni  and  C.  Truche(5)  found  that  the  agglutinative  power  of 
different  sera  for  different  strains  of  pneumococci  varies  greatly,  and 
that  there  is  no  regularity  in  the  results  obtained:  that  the  agglu- 
tination method  is  therefore  unsuitable  for  the  diagnosis  of  pneumo- 
coccal infections  in  man.  They  found  agglutinative  reactions  in  25 
per  cent,  of  sera  from  cases  of  human  lobar  pneumonia.  Certain 
paradoxes  occurred  ;  for  instance,  some  sera  agglutinated  a  strain  of 
pneumococcus  when  the  serum  of  the  patient  from  whom  the  organism 
was  obtained  failed  to  do  so.  The  results  obtained  with  normal  and 
immune  horse  serum  were  similarly  paradoxical. 

Rufus  Cole, (6)  reviewing  the  method  of  recovery  in  lobar  pneu- 
monia, discusses  the  cause  of  the  crisis ;  he  finds  that  attempts  to 
demonstrate  an  increase  of  the  ordinary  bactericidal  substances,  which 
act  in  conjunction  with  complement,  have  failed.  He  points  out  that 
univalent  iminune  serum  protects    only    40    per    cent,   of  animals  in 

*  It  will  be  seen  from  the  charts  that  opsonins  and  agglutinins  are  also  present 
in  the  sera  of  patients  recovering  by  lysis;  the  designation  "  critical  "  as  applied  to 
sera  is  a  mere  verbal  convenience,  and  should  not  be  taken  literally, 
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experimeutal  inoculations  ;  he  infers  from  this  that  at  least  60  per 
cent,  of  cases  are  due  to  organisms  other  than  those  of  the  type 
strain. 

A.  B.  Wadsworth(7)  in  an  analysis  of  some  agglutination  experi- 
ments with  pneumococci,  and  dealing  with  the  sera  of  forty-six  cases 
of  pneumonia  and  fourteen  "  controls,"  found  that  ten  out  of  the 
fourteen  "  controls  "  agglutinated  the  pneumococcus.  Frona  such  a 
result  he  concluded  that  the  agglutination  test  in  pneumonia  is  of  very 
little  practical  value.  The  same  author  satisfied  himself  experimentally 
that  virulent  pneumococci  are  practically  insusceptible  to  phago- 
cytosis. He  quotes  Hektoen's  opinion  that  insusceptibility  to 
phagocytosis  is  an  indication  of  virulence  and  that  the  opsonic  index 
may  therefore  be  the  measure  of  the  virulence.  Wadsworth,  however, 
found  that  virulence  may  be  lowered  without  any  increase  in  suscep- 
tibility to  phagocytosis. 

S.  Strouse(8)  refers  to  Neuf eld's  work,  by  which  the  latter  claims 
to  have  demonstrated  the  presence  of  "  immune  opsonins,"  or 
bacteriotropins,  in  almost  every  sample  of  pneumonic  serum.  In  some 
later  woi'k,  however,  strains  of  pneumococci  were  found  which  were 
not  acted  upon  by  sera  which  ordinarily  gave  a  positive  result  with 
other  strains ;  such  pneumococci  were,  nevertheless,  acted  upon  by  the 
post-critical  sera  of  the  pneumonic  patients  from  whom  they  had  been 
derived. 

Seligmann  and  Klopstock(9)  and  Boettcher(lO)  were  unable  to 
confirm  these  results.  Strouse,  following  Neuf  eld's  technique,  was 
never  able  to  find  opsonins  in  heated  sera  which  had  been  taken  after 
the  crisis,  and  tested  with  virulent  pneumococci  which  showed  no 
spontaneous  phagocytosis.  From  further  animal  experiments  he  was 
able  to  show  that  phagocytic  immunity  is  specific,  to  a  high  degree, 
for  the  organism  used  in  immunisation,  and  that  the  amount  oi 
opsonin  produced  largely  depends  on  the  virulence  of  the  organism. 

A.  E.  Dochezdij  found  that  the  serum  of  pneumonic  patients  at 
their  crisis  protected  mice,  and  that  the  presence  of  protective  sub- 
stances is  more  evident  when  the  homologous  organism  is  used  for  the 
test.  In  only  four  cases — out  of,  apparently,  fourteen  cases 
examined — were  protective  substances  demonstrated  before  the  crisis. 
Quoting  Neuf  eld,  he  says  that  pneumococci  have  not  as  yet  been 
differentiated  into  clearly  defined  oiological  groups,  though  it  is  known 
that  a  serum  derived  from  a  certain  typical  strain  may  fail  to  protect 
animals  against  an  infection  by  other  strains  which  are  morphologically 
and  culturally  characteristic. 

BezauQon  and  Griffin(12)  state:  "  Agglutination  is  not  obtained 
with  all  strains  of  the  pneumococcus ;  it  is,  in  a  way,  an  individual  and 
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not  a  specific  propertj' ;  very  often  agglutination  is  obtained  with  the 
micro-organism  recovered  direct  from  the  infected  person  while 
laboratory  strains  give  negative  results." 

The  conclusions  which  I  draw  from  such  references  are — (1)  That 
agglutination,  although  of  frequent  occurrence,  is  too  variable  a 
phenomenon  to  be  of  practical  use.  (2)  That  virulent  pneumococci 
are  not  susceptible  to  phagocytosis  in  any  circumstances.  (3)  That 
immunity,  as  studied  by  animal  experiments,  is  specific,  in  great 
measure,  for  the  particular  strain  of  pneumococcus  with  which  the 
animal  has  been  inoculated. 

Having  dealt  with  the  experiments  and  conclusions  of  other 
workers,  I  have  now  to  refer  to  my  own  observations.  Both  the 
agglutinins  and  the  opsonins  in  the  serum  of  pneumonic  patients 
appear  to  be  specific  for  certain  classes  of  the  pneumococcus.  The 
serum  of  patients  suffering  from  lobar  pneumonia  seems  to  possess 
marked  agglutinative  and  opsonic  properties  with  respect  to  the 
particular  organism  responsible  for  the  infection :  provided  always  that 
the  serum  is  collected  about  the  time  that  the  temperature  falls,  and 
provided  also  that  this  fall  of  temperature  is  not  an  indication  of 
approaching  death.  There  appear  to  be  occasional  exceptions  to  the 
rule,  but  the  probable  infrequency  of  such  exceptions  can  be  seen  by 
reference  to  the  tabulated  statement  of  my  experiments. 

In  addition  to  this  specific  reaction  of  a  critical  serum  with  its 
particular  organism,  a  cross  reaction  can  be  obtained  with  other 
organisms  and  other  sera.  Thus  a  critical  serum  when  tested  with  a 
number  of  strains  of  pneumococci,  isolated  from  other  cases  of  pneu- 
monia, will  affect  some  of  these  pneumococci  in  a  similar  manner, 
whilst  with  others  there  will  be  no  trace  of  reaction.  If  now  the  sera 
of  the  patients  from  whom  the  reacting  organisms  were  obtained,  be 
tested  with  the  particular  organism  which  was  clinically  associated 
with  the  critical  serum  first  mentioned — provided  that  these  sera  be 
collected  at  a  time  when  they  react  to  their  own  particular  organism — 
a  similarly  positive  result  will  be  obtained.  To  put  the  matter  in 
another  way.  If  a,  b,  c,  and  d  are  four  cultiu-es  derived  from  four 
different  cases  of  lobar  pneumonia,  and  if  a',  b',  c',  and  d'  represent 
the  sera  of  these  patients — and  granting  for  argument's  sake  that  the 
serum  of  each  of  these  patients  has  developed  an  agglutinative  and 
opsonic  reaction  towards  his  own  organism — then,  if  the  serum  a'  show 
a  reaction  with  organisms  b  and  c,  but  not  with  d,  it  will  also  be  found 
that  the  sera  b'  and  c'  react  with  organism  a.  Sera  a',  b',  and  c'  will 
not  react  with  organism  d,  nor  will  serum  d'  react  with  any  of  the 
organisms  a,  b,  or  c.  In  other  words,  the  reciprocal  action  of  organism 
and  serum  is  specific. 
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I  applied  such  a  method  of  serological  investigation  to  the  twenty 
strains  of  pneumococcus  to  which  I  have  already  referred ;  the 
technique  was  as  I  have  previously  described.  By  such  means  I 
found  it  possible  to  classify  eighteen  of  the  strains  into  four 
definite  groups.  Two  of  the  strains  were,  however,  quite  refractory 
and  gave  no  indication  of  being  affected  either  by  the  serum  of  the 
patients  from  which  they  had  been  derived,  nor  by  any  of  the  sera  in 
my  possession.  Both  of  the  cases  which  yielded  these  refractory 
strains  came  from  the  same  compound;  both  recovered,  one  after  a 
particularly  mild  attack,  and  the  other  after  an  illness  of  exceptional 
severity — in  fact  it  seemed  to  only  just  escape  a  fatal  issue.  Both 
patients  were  members  of  a  tribe  whose  susceptibility  to  and  mortality 
from  pneumonia,  at  any  rate  on  the  Band,  is  very  high.  I  have  no 
explanation  to  account  for  the  irregularity  of  my  results  with  these 
two  cases. 

Among  the  twenty  cases  referred  to  there  were  four,  from  whom 
cultures  were  obtained,  which  terminated  fatally  without  any  evidence 
of  crisis ;  the  sera  of  these  patients  did  not  at  any  time  exhibit  any 
agglutinative  or  opsonic  properties. 

Two  of  my  series  of  twenty  died  after  exhibiting  a  crisis — one 
three  weeks  after,  of  tuberculosis  of  both  lungs,  the  other  two  days 
after,  with  renewed  pyrexia.  The  sera  of  both  these  cases  exhibited 
the  usual  marked  reaction  shortly  before  the  crisis  and  until  death. 

It  will  be  seen,  therefore,  that  there  were  sixteen  cases,  including 
the  two  exceptional  cases  referred  to  above,  which  terminated  by  either 
crisis  or  lysis,  and  that  the  sera  of  fourteen  of  these  developed 
agglutinins  and  opsonins. 

In  carrying  out  the  investigation  a  culture  was  tested  as  soon  as 
it  had  been  definitely  isolated,  an  event  which,  in  most  cases,  occurred 
several  days  before  the  serum  from  the  case  had  devloped  any  activity. 
The  cultures  were  also  tested  with  sera  derived  from  other  cases,  and 
which  were  known  to  have  developed  activity  towards  their  own 
organisms.  In  every  case  so  tested,  where  a  positive  reaction  was 
obtained,  the  serum  of  the  case  of  origin  subsequently  developed 
agglutinins  and  opsonins,  not  only  for  its  own  organism,  but  also  for 
the  organisms  from  all  cases  whose  sera  affected  it. 

From  a  consideration  of  these  phenomena  it  seems  reasonable  to 
assume  that  the  sera  of  the  four  cases  which  terminated  fatally,  and 
whose  particular  organism  gave  a  reaction  with  one  or  other  of  the 
potent  sera,  would  have  developed  their  own  agglutinins  and  opsonins 
had  the  patients  survived.  It  may  be  that  these  phenomena  are  very 
closely  associated  with  recovery,  although  one  cannot,  at  the  present, 
define  the  changes  of  which  they  are  the  indicators. 
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In  the  earlier  cases  an  attempt  was  made  to  estimate  the  degree 
of  phagocytosis,  in  both  the  sample  and  "  control  "  preparations,  by 
ascertaining  the  bacterial  content  of  50  leucocytes  on  each  slide.  It 
was  found  that  the  preparation  made  with  normal  serum  usually 
contained  not  more  than  one  phagocyted  coccus  in  fifty  cells,  and  that 
very  rarely  was  this  number  raised  to  ten.  In  preparations  made  from 
the  patient's  serum,  however — when  such  had  become  active — the 
intra-cellular  collection  of  cocci  were,  in  all  cases,  so  numerous  as  to 
render  accurate  estimation  impossible.  Although  empty  cells  were  not 
uncommon,  yet  cells  each  of  which  contained  from  ten  to  forty  cocci 
were  numerous. 

As  it  appeared  of  no  practical  value,  for  the  purpose  of  this 
experiment,  to  attempt  an  opsonic  estimation,  and  as,  moreover,  the 
probable  error  would  have  been  enormous,  systematic  enumeration  was 
not  attempted.  It  may  be  stated,  in  general  terms,  that  fifty  leuco- 
cytes with  "  control  "  serum  contained  from  nought  to  ten  cocci,  whilst 
with  the  patient's  serum  cocci  to  the  number  of  two  hundred  and  fifty 
and  upwards  would  have  to  be  enumerated. 

It  has  been  urged  that  agglutination  occurring  in  a  phagocytic 
mixture  leads  to  misinterpretation  when  the  film  comes  to  be 
enumerated,  for  in  such  circumstances  the  appearance  of  from  ten  to 
twenty  cocci  in  a  single  cell  may  be  due  to  masses  of  agglutinated 
cocci  lying  either  above  or  below  the  leucocyte.  I  am  satisfied  that 
this  contention  is,  to  a  large  extent,  unwarrantable,  and  for  the 
following  reason.  During  my  investigations  agglutinins  have  often 
been  demonstrated  to  be  present  before  opsonins  have  appeared,  and 
they  have  persisted  after  the  latter  have  disappeared.  Opsonic  films 
prepared  in  such  circumstances  have  not  shown  any  indications  of 
apparent  phagocytosis. 

It  seems  probable  that  agglutination  may  in  part  account  for  the 
irregularity  of  the  phagocytosis  in  films  in  which  many  empty  cells 
are  seen.  Its  action  in  this  matter  may  be  purely  physical  and  due  to 
the  fact  that  by  causing  the  collection  of  the  cocci  into  large  clusters 
it  withdraws  them  entirely  from  the  field  of  action  of  some  of  the 
leucocytes. 

In  my  observations  I  have  found  no  difficulty  in  deciding  on  the 
presence  or  absence  of  agglutination,  for  whenever  it  was  present  the 
appearances  were  unmistakable.  Some  sera  which  were  obtained 
when  agglutinins  were  only  just  appearing  provided  films  containing 
numerous  groups  of  from  five  to  eight  cocci  scattered  throughout  the 
field.  It  was  the  rule,  however,  for  further  samples  of  such  sera,  taken 
within  twenty-four  hours  of  the  first  and  sometimes  earlier,  to  possess 
the  power  of  causing  massive  agglutination. 
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The  term  Virulent,  as  applied  to  pneumococci,  appears  to  be  used 
in  current  literature  with  variable  and  uncertain  meaning.  The 
majority  of  authors  appear  to  refer  the  quality  of  virulence  of  the 
pneumococcus  to  its  capacity  to  kill  the  mouse,  while  others  seem  to 
consider  any  pneumococcus  virulent  which  can  or  has  produced 
pneumonic  changes.  I  leave  this  terminological  dispute  undecided, 
and  merely  use  the  word  as  an  epithet  to  organisms  of  the  latter  class. 
It  is  doubtful  whether  virulence  for  mice  and  capacity  for  producing 
lobar  pneumonia  are  parallel  characteristics,  and  it  is  also  doubtful — 
at  all  events  to  me — whether  a  virulent  pneumococcus  is  ever 
phagocyted  or  agglutinated,  in  vitro,  by  a  normal  serum. 

With  regard  to  the  twenty  cultures  of  the  pneumococcus  which  T 
have  studied,  and  which  were  all  derived  by  lung-puncture  from  cases 
of  pneumonia,  the  following  facts  may  be  recorded.  None  of  them 
were  susceptible  to  phagocytosis,  either  by  the  control  serum  used, 
or  by  any  of  the  ten  other  normal  sera  which  will  be  subsequently 
referred  to.  Nine  were  inoculated  subcutaneously  into  mice,  and  all 
proved  fatal  in  from  eighteen  to  sixty  hours.  One  culture,  originally 
insusceptible  to  phagocytosis  by  normal  serum,  subsequently  developed 
this  property  in  a  marked  degree.  Before  this  change  came  about  it 
had  been  subjected,  however,  to  many  subcultivations  on  human-blood 
agar,  over  a  period  of  two  months.  After  it  had  become  opsonisable 
by  normal  serum  it  was  found  to  be  still  virulent  for  mice,  although 
a  larger  dose  was  now  necessary,  and  the  period  of  survival  was 
prolonged. 

For  the  sake  of  brevity  in  describing  the  following  experiments 
the  expression  "  the  reaction  "  is  used  as  referring  to  the  presence  of 
obvious  agglutination  and  phagocytosis.  An  opsonic  film  was  made 
use  of  to  demonstrate  the  presence  or  absence  of  the  reaction,  and  the 
conditions  of  the  preparation  of  the  phagocytic  mixture  have  already 
been  described ;  in  two  instances,  however,  the  sera,  after  being  tested 
in  the  usual  manner,  were  diluted  forty-fold,  with  the  result  that 
phagocytosis  was  completely  inhibited,  although  some  agglutination 
still  remained  apparent.  No  systematic  study  was,  however,  made  of 
the  effect  on  the  character  of  the  reaction  of  variations  in  the  degree 
of  dilution  of  the  sera. 

The  following  table  shows  the  presence  or  otherwise  of  the  reaction 
in  the  sera  of  fourteen  pneumonic  patients,  all  of  ivhom  recovered. 
In  every  case  the  serum  was  critical  or  post-critical,  and  the  organism 
with  which  it  was  tested  was  always  derived  from  the  patient  who 
yielded  the  serum.  The  "  control  "  observation  on  each  occasion  was 
made  with  normal  serum  and  the  organism  of  the  case. 
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Case  No. 

1 

2 

3 

5 

7 

8 

9 
10 
11 
12 
13 
17 
19 
20 


TABLE 

I. 

Tribe. 

"  Reaction." 

' '  Control  reaction 

Mozambique 

+ 

— 

Pondo 

+ 

— 

Baca 

+ 

— 

Pondo 

+ 

— 

M'Sulu 

+ 

— 

Quilimane 

+ 

— 

M'Sutu 

+ 

— 

Zambesi 

-j- 

— 

M'Sutu 

+ 

— 

Zulu 

+ 

— 

Nyambaan 

— 

— 

Pondo 

+ 

— 

Zulu 

+ 

— 

The  results  of  testing  the  sera  of  six  cases,  all  of  ivhich  terminated 
fatally,  are  given  in  Table  IT.  The  conditions  of  the  test  were  the 
same  as  those  recorded  in  Table  I. 


TABLE    II. 

Case  No.  Tribe.  "Reaction."     "  Control  reaction." 

4  Pondo  +  — 

6  X'osa  —  — 

14  X'osa  +  — 

15  M'Chopie  —  — 

16  M'Chopie  —  — 
18  Mozambique  —  — 

Of  the  two  cases  which  yielded  the  reaction,  patient  No.  4  died 
three  weeks  after  the  crisis  of  acute  pulmonary  phthisis,  and  patient 
No.  14  died  two  da3'-s  after  crisis  with  a  fresh  elevation  of  temperature. 
None  of  the  other  four  cases  afforded  the  reaction,  and  none  of  them 
had  reached  the  stage  of  defervescence. 

Table  III.  records  the  results,  with  respect  to  the  presence  or 
absence  of  reaction,  of  testing  a  series  of  pneumonic  sera  with  a  series 
of  pneumococci  derived  from  the  same  cases. 
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TABLE 

III. 

No.  of  case 
providing 
test  serum. 

1 

2 

Case 
3 

number  of  origin 
4          5          7 

of 

culti 
8 

lire. 
11 

12 

Control. 

1 

+ 

— 

— 

— 

— 

— 

— 

-1- 

— 

— 

2 

— 

+ 

+ 

+ 

+ 

4- 

— 

— 

— 

— 

3 

— 

+ 

+ 

+ 

+ 

+ 

— 

— 

— 

— 

4 

— 

+ 

+ 

+ 

+ 

+ 

— 

— 

— 

— 

5 

— 

+ 

+ 

+ 

+ 

+ 

— 

— 

— 

— 

7 

8 

11 

— 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 

— 

+ 

— 

— 

— 

— 

. 

+ 





12 

— 

_ 

— 

— 

— 

— 



— 

+ 



It  will  be  seen  from  this  table  that  all  the  organisms  tested  arrange 
themselves  into  four  groups  according  to  their  reaction  with  the  sera. 
These  groups,  which  will,  hereafter,  be  designated  A.,  B.,  C.  and  D., 
comprise  the  organisms  from  the  following  cases.  Group  A.,  from 
cases  2,  3,  4,  5,  and  7;  Group  B.,  from  cases  1  and  11;  Group  C, 
from  case  12;  and  Group  D.,  from  case  8. 

In  subsequent  work  I  have  been  content  to  test  any  new  culture 
of  the  pneumococcus  by  its  reaction  with  four  sera,  each  of  which  was 
representative  of  one  of  these  four  groups.  Though  many  experiments 
were  done,  from  time  to  time,  on  the  extended  basis  shown  in 
Table  III.,  yet  no  serum  was  ever  found  which  transgressed  the 
boundaries  of  the  group-specifity  which  I  have  found  to  exist. 

The  cultm-es  from  cases  9  and  17  were  tested  with  every  available 
active  serum  and  also  with  the  sera  obtained  from  twelve  apparently 
normal  Europeans  and  Natives.  None  of  the  sera  produced  any 
reaction  with  these  organisms,  and,  as  already  stated,  no  demonstrable 
agglutinins  and  opsonins  appeared  in  the  sera  of  the  cases  from  which 
they  had  been  derived.  For  these  reasons  it  was  impossible  to  classify 
them  in  any  of  the  first  four  groups;  a  fifth  group,  which  I  have 
called  "  E,"  was  therefore  set  aside  for  the  reception  of  such 
anomalous  strains. 

Out  of  the  twenty  cultures  tested  by  the  above  method,  eighteen 
were  found  to  be  classifiable  into  one  of  four  groups,  as  follows:  — 

A.  2.  3.  4.  5.   7.   10.   13.   14.   19. 

B.  1.   11.   16.   18.  20. 

C.  12. 

D.  6.  8.  15. 

The  numbers  which  designate  the  cultures  in  the  above  statement 
represent  also  the  serial  order  in  which  the  cases  from  which  they  were 
derived  came  imder  my  observation.     It  will    be    seen    that  a  repre- 
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sentative  of  each  group  was  discovered  in  the  first  twelve  cases 
examined,  and  that  in  the  eight  subsequent  cases  no  new  group  was 
discovered.  This  fact  suggests  that  amongst  the  population  dealt  with, 
and  at  the  present  time,  the  number  of  groups  is  limited. 

The  cases  were  drawn  from  Native  mine  labourers  employed  on 
various  mines  on  the  Kand,  and  from  Native  "  house  and  outside 
boys  "  working  in  Johannesburg. 

When  these  groups  had  been  established  a  representative  culture 
from  each  was  tested  with  each  of  the  sera  from  five  healthy  Natives 
and  five  healthy  Europeans,  and  the  reaction  was  found  to  be  absent 
on  all  occasions. 

In  the  application  of  this  method  of  investigation  it  is  of  great 
advantage  to  have  access  to  a  large  number  of  pneumonia  patients 
within  a  short  period,  for  the  opsonins  and  agglutinins  seem  to 
disappear  from  the  freshly  drawn  serum  at  the  end  of  a  few  weeks. 
With  respect  to  the  retention  of  these  substances  by  serum  in  vitro, 
I  have  a  sample  which  was  collected  at  the  time  of  the  crisis  and 
which  is  now  ten  weeks  old.  No  special  care  has  been  taken  of  this 
sample  as  it  has  been  lying  on  the  bench.  I  find  that  the  opsonic 
power  has  now  disappeared,  but  that  sufficient  of  its  agglutinating 
powers  remain  to  enable  me  to  use  the  sample  in  detecting  any 
organism  belonging  to  Class  B.  Serum  from  blood  which  has  been 
collected  in  the  ordinary  manner,  in  a  Wright's  capsule,  and  allowed 
to  stand  and  clot,  is  still  quite  active  after  several  days.  I  have  found 
that  some  cultures,  after  many  transplantations,  become  susceptible  to 
phagocytosis  by  normal  sera,  although  I  have  not  found  any  cultures 
which  developed  liability  to  agglutination ;  the  phenomenon  of 
agglutination  is,  therefore,  of  greater  service  than  that  of  phagocytosis 
for  the  purpose  of  classifying  organisms. 

The  opsonic  power  of  serum  is,  with  few  exceptions,  destroyed  by 
lieatiug  at  55°  C.  for  twenty  minutes.  The  agglutinating  power, 
however,  survives  this  treatment,  although  its  activity  appears  to  be 
somewhat  reduced. 

If  the  validity  of  this  method  of  classifying  pneumococci  be 
confirmed  it  will  have  more  than  one  useful  application.  The  possi- 
bility of  identifying  the  particular  strains  of  the  organism  will  provide 
a  clue  as  to  the  source  of  infection  in  different  cases,  and  will  help  to 
elucidate  the  role  of  those  pneumococcal  organisms  which  are  found 
so  commonly  in  the  throats  of  healthy  individuals.  The  prevalence  of 
different  groups  of  pneumococci  in  different  circumstances — industrial, 
tribal,  geographical,  etc.— will  be  capable  of  investigation.  The 
suggestion  that  second  attacks  of  pneumonia  are  due  to  invasion  by 
another  strain  of  the  organism  can  be  put  to  the  test.  These  and 
many  similar  enquiries  may  be  rendered  feasible. 
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The  prophylactic  pneumococcal  vaccine  now  so  extensively  used 
on  these  fields  may,  in  the  light  of  these  studies,  become  modified;  it 
is  obvious  that  the  efficacy  of  such  vaccine  would  be  enhanced  if  use 
were  made  of  the  particular  strain  of  organism  to  infection  by  which 
the  labourers  will  be  exposed.  It  may  also  be  found  advantageous  to 
use  certain  definite  combinations  of  strains.  Again,  the  efficiency  of 
sensitised  vaccines  will  probably  be  secured  by  employing  an  organism 
belonging  to  the  same  group  as  that  which  has  infected  the  patient. 

The  serum  therapy  of  pneumonia,  which  has  not  hitherto  afforded 
notable  results,  may  derive  additional  importance  when  it  can  be  used 
in  so  specific  a  manner  as  the  results  of  these  investigations  lead  one 
to  hope. 

CONCLUSIONS. 

The  sera  of  patients  recovering  from  lobar  pneumonia  usually 
acquire  opsonising  and  agglutinating  properties  for  the  particular 
strain  of  pneumococcus  which  is  responsible  for  the  infection. 

Virulent  "  pneumococci — by  which  I  mean  pneumococci  which 
have  been  derived  from  a  hepatized  lung — are  readily  phagocyted  and 
agglutinated  in  such  circumstances. 

Most  pneumococci  can  be  classified  into  groups  by  means  of  these 
specific  serological  reactions. 

Certain  strains  of  the  pneumococcus  cannot,  at  present,  be  classi- 
fied by  such  means  as  the  serum  of  the  patients  from  whom  they  are 
obtained  develops  no  opsonising  or  agglutinating  powers. 

My  work  in  carrying  out  this  brief  study  has  been  much 
facilitated  by  the  co-operation  of  Dr.  W.  Watkins-Pitchford,  the 
Director,  and  it  could  not  have  been  so  advantageously  conducted  but 
for  the  generosity  of  the  management  of  the  Bantjes  and  Durban  Deep 
Gold  Mining  Company  in  permitting  me  the  necessary  leave.  Many 
of  the  cases  investigated  were  kindly  placed  at  my  disposal  by  medical 
colleagues  in  the  General  Hospital  and  on  the  inines,  and  for  this  I 
am  indebted  to  them.  The  photomicrographs  are  the  work  of  Mr. 
0.  Slawkowsky. 

Postscript.  Since  committing  the  above  study  to  paper  my 
attention  has  been  drawn  to  some  recent  work  by  A.  R.  Dochez  and 
L.  J.  Gillespie,  and  which  has  appeared  in  the  Journal  of  the  American 
Medical  Association,  for  September  6th,  1913  (pages  727  to  730). 
Although  these  workers  have  adopted  different  methods  of  investi- 
gation, yet  their  observations  seem  to  have  led  them  to  conclusions 
somewhat  similar  to  mv  own. 
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2  The  Ash  of  Silicotic  Lungs 

Before  proceeding  to  the  experimental  results  it  may  be  advisable 
to  record  here  some  previous  observations  on  the  quantity  and 
composition  of  lung-ash. 

West  (V.  supra)  quotes  Kussmaul  as  having  found  that  the  ash 
of  the  normal  lung  of  infants  contains  no  silica,  but  as  age  advances 
the  amount  of  silica  increases.  He  further  found  that  in  the  case  of 
quarrymen  and  men  occupied  in  sandy  trades  the  amount  of  silica 
rose  to  from  40  to  50  per  cent,  of  the  total  ash. 

Arlidge  (Milroy  Lectures,  "Lancet,"  1889,  i.,  615)  quotes  an 
analysis,  by  Church,  of  a  potter's  lung:  Silica,  47-78  per  cent.; 
Alumina,  18-63  per  cent.;  Iron  oxide,  5-35  per  cent.,  the  remanider 
consisting  of  alkalis, phosphates,  etc. 

Oidtmann  (v.  Gorup-Besanez,  Lehrbuch,  4th  edition,  732)  found 
that  the  lungs  of  a  14-day  old  child  contained  19-82  per  cent,  of  dry 
matter  with  0*57  per  cent,  of  mineral  matter:  the  dry  matter, 
therefore,  contained  2-88  per  cent,  of  ash. 

Schmidt  (ibid.  727)  found  the  following  constituents  in  the  ash 
of  normal  human  lung:  130%  NaCl,  1-3%  K^O,  19-5%  Na^O, 
1-9%  CaO,  1-9%  MgO,  32%  FeA-  48-5%  PA.  0-8%  SO3,  and  13-4% 
sand. 

H.  G.  Wells  (Chicago)  in  his  "  Chemical  Pathology  "  (1907),  in 
discussing  Pneumonokoniosis,  has  collected  the  following  data: 
Woskressensky  (Cent.  f.  Path.,  1898,  9,  296)  found  silicates  in  all  of 
54  lungs  examined,  except  in  two  from  infants.  The  lungs  of 
individuals  whose  occupations  do  not  expose  them  especially  to  dust 
inhalations  contain  increasing  amounts  of  silicates  in  direct  proportion 
to  age;  the  silicates  constitute  from  3-5  to  10  per  cent,  of  the  total 
ash  of  the  lungs.  Thorel  (Zieglers  Beitr.,  1896,  20,  85)  reports  that 
the  lungs  of  a  worker  in  soapstone  were  found  to  contain  3-25  per 
cent,  of  ash,  including  2-43  per  cent,  of  soapstone.  Hodenpyl 
(Medical  Eecord,  1889,  56,  942)  obtained  the  following  results  with 
the  lung  of  a  knife-grinder  who  had  followed  his  trade  for  about  15 
years:  Dry  weight  of  lung,  48-1009  grams;  total  solids,  44-7986  grams. 
C.omposition  of  the  ash:  27-1%  SiO,,  2-0%  Fe^Og,  32-9%  Al^. 
2-2%   CaO,   7-9%  Na^O,  4-0%  K^O,   21-4%  P^.   and  16%    SO3." 

For  the  present  investigation  six  lungs  removed  from  the  cadavers 
of  miners  who  had  suffered  from  silicosis  were  available.  In  all  cases 
the  right  lung  was  taken  for  examination.  For  comparison,  a  precisely 
similar  examination  was  made  with  the  right  lung  removed  from  the 
cadaver  of  a  male  Zulu,  aged  30,  who  had  never  worked  underground 
and  whose  lungs  presented  entirely  normal  appearances  on  post- 
mortem examination:  in  the  sequel  this  lung  is  referred  to  as 
"  normal." 
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The  procedure  was  as  follows:  On  removal  of  the  lung  from  the 
cadaver  the  wet  weight  was  determined.  The  lung  was  then  immersed 
in  boiling  water  and  the  boiling  was  continued  for  some  time.  The 
first  immersion  in  the  hot  water  caused  an  immediate  coagulation  over 
the  surface  of  the  lung  and  so  prevented  anything  but  a  negligible 
extraction  of  soluble  salts.  The  lung  was  now  minced  and  well  dried 
in  the  steam-oven.  The  weight  of  the  dry  matter  was  then  deter- 
mined ;  no  very  great  accuracy  is  claimed  for  this  dry  weight  as  no 
particular  pains  were  taken  to  dry  to  constant  weight. 

Since  the  deposition  of  foreign  mineral  matter  in  the  lung  tissue 
is  probably  not  uniform  it  was  deemed  advisable  to  ash  the  whole  lung 
rather  than  risk  the  possibility  of  error  in  ashing  only  a  portion  which 
might  not  be  representative  of  the  whole.  The  ashing  was  carried 
out  in  a  large  platinum  basin  by  first  igniting  over  a  free  flame  and 
subsequently  burning  off  the  carbon  in  a  muffle  furnace  at  a  dull  red 
heat. 

The  first  table  gives  the  results  obtained,  and  in  addition  the 
amount  of  silica  (calculated  from  the  subsequent  analysis)  :  the 
weights  are  expressed  in  grams. 

TABLE   I. 


Case      

Normal. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

Wet  weight 

...       649 

907 

1928 

1672 

1335 

1497 

1998 

Dry   weight    ... 

76 

200 

336 

232 

215 

208-5 

233-5 

Ash       

...     3-77 

9-078 

21  -706 

12  -70 

20-00 

13-55 

15-20 

Silica 

...     0-55 

2-79 

6-38 

5-19 

9-60 

6-21 

6-57 

Ash :  %  of  dry  matter 

...     4-96 

4-54 

6-46 

5-47 

9-30 

6-49 

6-51 

Silica  :   %  of  ash 

...  14-7 

30-7 

29-4 

40-8 

48-0 

45-8 

43-2 

Silica :   %  of  dry  matter 

..     0-73 

1-39 

1-90 

2-23 

4:47 

2-98 

2-81 

The  material  described  as  "  silica  "  is  mainly  silica,  but  may 
contain  small  amounts  of  very  refractory  silicates. 

The  weight  of  a  healthy  lung  on  removal  from  the  body  is 
extremely  variable,  but  as  a  rough  average  a  weight  of  700  grams  may 
be  taken  as  normal  for  the  right  lung  of  an  adult  male.  The  high  wet 
weights  of  the  silicotic  lungs  are  due,  not  entirely  to  the  presence  of 
a  large  amount  of  fibrous  tissue,  but  also  to  their  carrying  an  excess 
of  serous  fluid. 

It  will  be  observed  that  (1)  the  total  weight  of  silica  in  the 
diseased  lungs  was  much  higher  (from  2 '8  to  9 "6  grams)  than  in  the 
normal  lung  (0-55  gram),  and  (2)  the  proportion  of  silica  in  the  ash 
of  the  diseased  lungs  is  much  greater  (from  29  to  48  per  cent.)  than 
in  the  normal  lung  (14-7  per  cent.). 
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ANALYSIS   OF   THE   ASH. 

The  ash  ivova  cases  No.  1  and  2  was  white,  or  nearly  so ;  that 
from  case  No.  5  had  a  faint  pink  tinge  ;  that  from  case  No.  6  had  a 
faint  red  tinge.  The  ash  from  the  normal  lung  was  slightly  reddish, 
and  the  ashes  from  cases  No.  3  and  4  were  markedly  red,  corresponding 
with  the  comparatively  high  proportion  of  ferric  oxide  which  they 
contained. 

Ordinary  mineral  analysis  of  the  ashes  gave  the  following 
percentages  of  the  constituents  named : 


TABLE 

II. 

Case      

Normal. 

No 

1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

Silica 

...  14-71 

30 

70 

29-38 

40-86 

48  -02 

45-82 

43-20 

Ferric  oxide  ... 

...     7-34 

2-51 

9-83 

8-49 

3-78 

3-90 

Alumina 

...     5-47 

5-50 

7-71 

9-59 

7-90 

7-72 

Lime 

...  10-98 

5-55 

3-64 

2-16 

2-45 

4-40 

Magnesia 

...     2-66 

1-54 

1-47 

1-64 

1-62 

1-41 

Soda    (Na^O) 

...  18-31 

14-10 

11  -20 

6-42 

9-16 

9-11 

Potash    (K,0) 

...  10-04 

6-84 

4-63 

6-07 

5-82 

4-60 

Phosphoric  oxide 

^'^2^S^ 

...  19-84 

20-82 

19-87 

16-47 

23:50 

25-24 

Sulphuric  oxide 

(SO3) 

...     2-02 

1-14 

0  -50 

0-36 

0-24 

0-20 

Chlorine 

0-47 

0-17 

It  has  already  been  pointed  out  (in  connection  with  Table  I.) 
that  the  amount  of  silica  in  the  ash  is  greater  in  that  from  the  silicotic 
lung  than  in  that  from  the  normal  lung.  From  the  fact  that  the  lungs 
of  infants  contain  no  silica  and  the  great  probability  that  practically 
all  the  silica  which  accumulates  in  the  lung  during  life  gains  access 
through  inhalation  of  dust-laden  air,  it  must  be  admitted  that  silica  is 
a  substance  foreign  to  the  lung.  If  this  foreign  substance  be 
eliminated  from  the  ash-analyses  the  following  figures  are  obtained  for 
the  percentages  of  constituents  in  the  ash-other-than-silica : 


J.  McCrae 

TABLE   III. 


Case         

Normal. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

Ferric  oxide 

..       8-6 

3-0 

16-6 

16-3 

7-0 

6-9 

Alumina              

..       6-6 

7-8 

13-0 

18-4 

14-6 

13-6 

Lime 

..     12-9 

7-9 

6-1 

4  1 

4-5 

7-8 

Magnesia            

..       3-2 

2-2 

2-5 

3-2 

3-0 

2-5 

Soda 

..     21-5 

20-0 

19  0 

12-3 

16-9 

16-0 

Potash     

..     11-8 

9-7 

7-8 

11-7 

10-7 

8-1 

Phosphoric  oxide          

..     23-2 

29-5 

33-6 

31-7 

42-9 

43-0 

Sulphuric   oxide            

..       2-4 

1-6 

0-8 

0-7 

0-4 

0-4 

Chlorine              

0-8 

0-3 

Inspection  of  these  figures  shows  that  the  amount  of  iron  oxide 
varies  irregularly,  but  the  amount  of  alumina  is  increased  in  the 
silicotic  lungs  ;  this  increase  would  be  expected  because  alumina,  in 
varying  proportion,  accompanies  silica  (as  aluminium  silicate)  in  the 
dust-laden  air  inhaled  by  underground  workers.  A  noticeable  feature 
of  the  results  is  the  diminished  proportion  of  lime  in  the  diseased  lungs 
as  compared  with  the  normal :  the  amount  of  magnesia  is  approxi- 
mately constant.  With  regard  to  the  alkalis  there  is  indication  of 
a  slight  diminution  in  the  silicotic  lung,  but  the  decrease  is  not 
sufficient  to  be  significant.  The  most  striking  fact  which  is  brought 
to  light  by  Table  III.  is  the  marked  increase  in  the  proportion  of 
phosphoric  oxide  in  the  silicotic  lungs :  it  is  not  improbable  that  this 
increase  is  associated  with  the  great  production  of  fibrous  tissue  which 
takes  place   (Watkins-Pitchford,  loc.  cit.,  p.  46)   as  silicosis  proceeds. 

SIZE    OF    SILICA   PAETICLES. 

It  is  important  to  know  the  size  of  the  silica  particles  which, 
inhaled  in  the  dust,  are  deposited  in  the  lung  tissue.  Dr.  Watkins- 
Pitchford  suggested  that  this  should  be  ascertained  by  dissolving  away 
the  tissue  in  such  a  manner  as  to  leave  the  silica  particles  untouched. 
In  order  to  carry  this  out  a  portion  of  the  left  lung  of  case 
No.  5  was  digested  with  hydrochloric  acid  and  potassium  chlorate  until 
the  tissue  and  all  organic  matter  were  destroyed.  It  is  presumed  that 
this  process  is  entirely  without  action  on  the  silica,  and  leaves  it  in  its 
original  condition ;  it  may  also  leave  some  refractory  silicates 
unchanged,  but  will  dissolve  practically  all  other  inorganic  matter. 
When  the  action  was  complete  the  residual  white  deposit  was 
tlioroughly  washed  by  decantation  so  as  to  remove  all  soluble  salts ; 
care  was  taken  that  sedimentation  was  complete  before  decanting,  and 
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this  was  aided  by  centrifuging  the  suspension.  The  white  residue  was 
then  dried  carefully  at  a  low  temperature  so  that  no  splintering  of  the 
silica  particles  should  take  place  by  excessive  sudden  heating.  In  this 
way  about  a  gram  of  silica  powder  was  obtained. 

A  smooth  thin  emulsion  of  the  powder  was  made  and  submitted 
to  microscopic  examination.  Examination  with  the  polarising 
microscope  proved  that  the  material  was  silica. 

The  great  majority  of  the  particles  were  found  to  be  of  indefinite 
shape  and  to  have  a  diameter  less  than  Ijji,  (that  is,  a  diameter  less 
than  1/8  of  that  of  a  red  blood  corpuscle)  ;  the  amount  of  material 
with  diameter  less  than  Ip,,  was  very  approximately  70  per  cent,  of 
the  whole.  No  attempt  was  made  to  measure  diameters  less  than  Iji- 
Many  measurements  were  made  of  the  particles  constituting  the 
remaining  30  per  cent,  of  the  material:  the  longest  diameters  of  these 
particles  varied  between  Ij^  and  Q5^.  In  an  extensive  survey  of 
several  microscope  preparations  only  a  negligibly  small  number  of 
particles  was  seen  whose  longest  diameter  exceeded  8"5;jl,  and  the  very 
longest  observed  was  10 '5 [x- 

Watkins-Pitchford  {loc.  cit.,  p.  47)  states  that  the  majority  of 
the  visible  siliceous  particles  (as  detected  by  means  of  polarised  light) 
in  sections  of  silicotic  lungs  vary  from  2^  to  12^^  in  maximum 
diameter.  Larger  particles  seen  by  Watkins-Pitchford  in  his  histo- 
pathological  investigation  were  found,  not  in  the  lung  tissue,  but  in 
the  cavities  of  bronchioles  or  alveoli. 

The  examination  of  silica  particles  isolated  from  this  lung  tissue 
(case  No.  5)  and  the  examination  of  silica  particles  in  situ  in  lung 
tissue  from  several  cases  agree  in  leading  to  the  conclusion  that  the 
largest  particles  which  gain  access  to,  and  become  embedded  in,  the 
lung  proper  have  a  maximum  diameter  of  about  lOjjt  (  =  about  osVo 
inch)  :  but  few  having  a  larger  diameter  (and  these  up  to  only  12|jl) 
have  been  found  in  the  lung. 

The  accompanying  diagram  represents  the  appearance  presented 
by  the  larger  particles  of  the  material  isolated  from  the  lung:  the  70 
per  cent,  composed  of  particles  with  diameter  less  than  l^x.  has  been 
omitted  in  the  drawing.  The  diagram  has  been  constructed  to  show 
characteristic  shapes  and  their  approximate  frequency ;  it  has  not 
been  constructed  from  a  single  field.  It  will  be  observed  that  a 
frequently  occurring  shape  is  a  thin  wedge,  and  particles  with  a  less 
acutely  triangular  section  are  also  prevalent.  The  most  common  shape, 
however,  among  particles  of  all  sizes,  is  something  approaching  a 
sphere. 

The  line  below  the  diagram  represents  lOjji,  on  the  same  scale  as 
the  drawing,  and  the  circle  represents  an  average  red  blood  corpuscle 
(nearly  8^)  on  the  same  scale. 
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Sketch  of  larger  particles  of  silica  isolated  from  silicotic  lun^ 
X  1,000. 

The  line  represents  10^. 

The  circle  represents  a  red  blood  corpuscle. 


ANTHROPOLOGICAL  NOTES    ON   BANTU   NATIVES 
FROM   PORTUGUESE   EAST   AFRICA. 


By 
G.   D.   MAYNARD,    F.R.C.S.E., 

AND 

G.  A.  TURNER,  M.B.,   B.Ch.  Aberdeen,  D.P.H. 


As  we  have  had  the  opportunity  of  making  a  couiparatively  large 
number  of  anthropological  records  on  certain  Portuguese  East  African 
Natives,  who  had  been  recruited  for  work  on  the  Gold,  Diamond,  and 
Coal  Mines  of  the  Transvaal,  we  thought  it  might  be  of  interest  to 
publish  them,  together  with  a  few  brief  notes  on  the  tribes  concerned. 
The  measurements  were  made  on  natives  who  had  died  before  actually 
commencing  work,  as  well  as  on  those  dying  after  having  worked  for 
periods  of  varying  lengths.  Both  classes  include  natives  who  had 
come  to  the  mines  for  the  first  time  and  also  natives  who  may  have 
been  on  the  Rand  on  previous  occasions. 

With  the  exception  of  a  few  natives  from  the  British  Nyassaland 
Protectorate,  all  the  cases  referred  to  were  recruited  in  Portuguese 
East  Africa. 

We  are  therefore  dealing  with  a  mixture  of  Bantu  tribes, 
scattered  over  large  tropical  and  sub-tropical  areas.  The  attached 
map  shows  the  various  districts  in  which  recruiting  operations  for  the 
Transvaal  mines  have  been  carried  on,  and  it  will  be  noticed  that  the 
tropical  and  sub-tropical  areas  are  divided  by  a  well  defined  and 
substantial  "  buffer  "  district,  namely,  the  Mo(^ambique  Company's 
territory.  The  whole  area  is  bounded  ; — on  the  east  by  the  Indian 
Ocean,  on  the  north  by  the  Rovuma  River  and  German  East  Africa,  on 
the  south  by  Zululand,  and  on  the  west  by  Lake  Nyassa,  the  British 
Nyassaland  Protectorate,    Rhodesia,   the  Transvaal,   and   Swaziland. 

Owing  to  the  enormous  extent  covered  by  recruiting  operations, 
and  the  varying  character  of  the  countrv,  our  records  include  natives 
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of  many  tribes  with  different  customs.  The  physical  and  climatic 
differences  of  their  homes  are  also  considerable,  so  that  their  diet  and 
mode  of  living  are  subject  to  wide  variations.  Thus,  for  instance,  this 
group  includes,  on  the  one  hand,  natives  from  high  altitudes,  such  as 
the  Lake  Nyassa  plateau,  the  Namuli  peaks  in  Quilimane,  and 
Angoniland  north  of  Tete,  in  which  places  the  altitude  varies  from 
three  thousand  to  six  thousand  feet  above  sea  level ;  and  on  the  other, 
natives  living  in  low  lying  areas,  some  of  which  are  fertile,  others 
swampy,  and  others  again  almost  waterless  and  full  of  game.  From 
these  extremes  in  the  character  of  the  country  we  naturally  find 
considerable  variations  in  the  habits,  customs,  diets,  dwellings,  and 
occupations  of  the  inhabitants.  Near  the  sea  the  people  are,  so  to 
speak,  amphibious,  and  live  largely  on  fish  ;  in  other  parts  where  water 
is  scarce,  they  are  hunters  living  on  game,  while  in  yet  other  parts 
the  people  are  agriculturists  and  stock  breeders.  It  must  always  be 
remembered,  however,  that  owing  to  tribal  wars,  it  is  rarely  that  any 
one  tribe  exists  for  more  than  two  generations  ('fifty  years)  in  the 
same  place  and  under  the  same  conditions.  Where  one  tribe 
predominates  over  another,  it  leaves  its  mark  on  the  inferior  race. 

To  attempt  to  go  into  a  detailed  account  of  the  history  of  the 
groups  would  be  outside  the  scope  of  this  paper,  and  to  classify  them 
into  tribes  as  if  they  were  separate  entities  would  be  incorrect.  We 
have,  therefore,  divided  the  natives  into  two  main  classes:  (1)  the 
sub-tropical,  or  as  they  are  known  on  the  mines.  East  Coast  Natives, 
that  is,  Natives  coming  from  between  the  Zulu  border  and  Latitude 
22°  S.  ;  and  (2)  Tropical  Natives,  or  those  coming  from  between  the 
Zambesi  River  and  German  East  Africa.  These  two  groups  are  well 
separated  from  one  another,  and  are  composed  of  quite  distinct  types. 

For  the  purpose  of  this  paper,  we  have  further  sub-divided  the 
sub-ti*opical  or  East  Coast  natives  into  Shangaans,  or  natives  from 
Gazaland.  ^Nfytopis.  Tnhambaans,  and  Maputos  or  Tongas :  and  the 
tropical  natives  into,  natives  from  Tete,  Quilimanes,  Mocambiques, 
and  Portuguese  Nyassas. 

Before  attempting  to  give  details  of  these  various  groups,  we 
would  point  out  that  the  tribal  wars  previously  mentioned,  coupled 
with  the  fact  that  these  wars  often  originated  over  the  question  of 
women,  and  certainly  always  terminated  in  the  acquisition  by  the 
victorious  tribe  of  all  marriageable  females,  have  brought  about  an 
extraordinary  intermingling  of  race.  Even  when  at  peace,  diplomatic 
exigencies  frequently  entailed  the  exchange  of  women  between  the 
various  chiefs.  Again,  in  early  times,  the  results  of  the  slave  trade 
must  have  had  a  great  effect  on  the  intermingling  of  the  tribes,  and  at 
a    later    date,    the    Portuguese    policy    of    bringing    black    soldiers    or 
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"  cypaes  ""^  from  one  colony  to  anothex',  and  of  deporting  chiefs  and 
their  followers  from  one  part  to  another,  has  also  had  its  effect  in  the 
same  direction.  In  spite  of  the  above-mentioned  intermingling,  the 
tribal  peculiarities  are  still  so  marked  as  to  make  us  hazard  the  sug- 
gestion that  we  believe  we  can,  after  our  experience  with  natives,  give 
a  fairly  accurate  opinion  as  to  the  tribe  of  any  native  coming  under  our 
observation,  and  this  from  his  general  appearance.  Of  course  in  many 
ceases  an  opinion  is  unconsciously  formed  from  some  tribal  peculiarity 
or  marking  ;  however,  we  know  from  experience  that  it  is  not  so  easy 
to  determine  the  tribe  of  a  native  when  seen  in  the  mortuary  after 
death,  so  that  probably  a  variety  of  scarcely  recognised  factors  enter 
into  the  formation  of  one's  judgment.  Tt  is  remarkable  that  whereas 
Europeans  are  known  to  have  cohabited  freely  with  native  women  of 
the  various  tribes  in  tropical  areas,  yet  the  result  in  the  way  of 
half-castes  is  scarcely  apparent. 

Tt  may  be  of  interest  to  the  reader  vmfamiliar  with  the  movements 
of  the  native  races,  if  we  give  a  brief  resume  of  the  recent  history  of 
the  chief  tribes  dealt  with  in  this  paper. 

The  Shangaan.  These  people  are  an  uncircumsised  race  of 
superior  type  to  their  neighbours.  There  are  several  accounts  of  their 
origin,  and  we  think  it  probable,  that  while  none  of  them  are  absolutely 
correct,  elements  of  the  truth  are  to  be  found  in  all.  One  story  is  as 
follows: — The  Shangaans  are  descendants  of  impis  sent  north  by 
Chaka  ;  the  best  known  of  these  was  one  which  crossed  the  Zambesi, 
and  eventually  settled  in  the  temtory  now  known  as  British  Central 
Africa,  and  from  which  the  Angoni  tribe  of  to-day  originated.  Some 
of  these  people  eventually  found  their  way  into  the  country  round 
Beira — old  Gazaland.  From  this  point  they  raided  the  neighbouring 
territories  of  Inhambane  and  Villainculos,  driving  out  the  original 
inhabitants,  and  forming  small  settlements  throughout  the  districts. 
Spreading  soutli  they  met  the  Mytopi,  a  fighting  and  stubborn  race, 
who  strenuously,  and  for  many  years  resisted  the  invasion. 
Eventually,  this  warlike  branch  of  the  Zulu  stock  were  victorious,  and 
extended  as  far  as  the  Limpopo  River.  Here  they  met  the  Portuguese, 
and  were  defeated  by  them  near  Chibuto,  in  1896,  their  chief, 
Gungunyana,  being  captured  and  exiled. 

Another  version  is  as  follows: — Umzilagazi,  being  sent  north  by 
Chaka,  did  not  return  to  Zululand.  but  established  himself  in  the 
Transvaal.  He  was  driven  out  by  the  Boers  by  way  of  Umzilagazi 's 
Nek  in  the  Magaliesburg  Mountains,  and  eventually  established 
himself  in  Matabeleland.     The  remnants  of  his  people  are  still  to  be 

*  English,  Sepoy.     French,  Cipaye. 
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found  round  Middleburg  ;  they  call  themselves  Mandibile,  and  speak 
Zulu.  From  Matabeleland  various  raiding  impis  were  despatched  into 
the  neighbouring  territories.  One  under  Soshangan  went  west  and 
then  south,  until  having  had  four  leaders,  namely,  Soshangan, 
Manekuz,  Muzila,  and  Gungunyana,  it  was  conquered  by  the 
Portuguese  in  the  present  Gazaland,  and  Gungunyana  deported. 

It  is  interesting  to  note  that  the  language  of  the  "  Abangoni  " — 
who,  according  to  this  version,  are  an  offshoot  of  Umzilagazi's  troops, 
which  went  north  of  the  Zambesi — is  called  "  isi  Nguni,"  and  the 
Shangaans  of  the  present  day  call  the  Zulu  language  "  isi  Nguni  "  in 
the  same  way  as  the  Maxosa  people  call  it  "  isi  Chaka. "  It  would 
appear  that  the  present  Shangaans  last  heard  Zulu  from  the 
"  Abangoni,"  and  when  they  met  it  on  their  return  south  they  called 
it  "  isi  Nguni."  The  language  of  the  Shangaans  appears  to  have 
suffered  a  much  greater  deterioration  from  true  Zulu  than  that  of  the 
Angonis. 

There  is  still  another  version,  namely,  that  Chaka  sent  an  impi 
to  the  Limpopo,  and  that  it  was  practically  destroyed  by  fever,  the 
remnant  gradually  spreading  northward.  Eound  the  Limpopo  there 
are  still  a  few  natives  who  say  that  they  came  from  the  south,  and 
that  their  fathers  died,  not  fighting,  but  in  some  catastrophe. 

These  sketches  will  serve  to  indicate  how  impossible  it  is  to 
regard  even  a  superior  Bantu  race  as  even  approximately  a  piu-e  stock. 
The  women  of  the  conquered  races  are  always  the  perquisites  of  the 
victors.  They  further  indicate  the  extreme  diflRculty  of  obtaining 
reliable  historical  accounts  of  native  movements,  even  when  confined 
to  comparatively  recent  times. 

The  Mytopi.  Although  beaten  by  the  Shaangaan  they  are  still  a 
virile  race  with  distinct  tribal  peculiarities  and  customs.  Formerly 
both  males  and  females  were  tatooed  with  very  distinct  tribal 
markings,  but  of  late  years  this  practice  has  been  almost  entirely 
confined  to  the  females. 

The  Inhamhanes  may,  we  think,  be  described  as  a  heterogeneous 
collection  of  many  tribes,  harassed  in  turn  by  the  slave-traders,  the 
Shangaans.  the  Mytopis  and  others  :  they  have  never  had  a  settled 
country,  or  attained  any  pre-eminence.  Although  living  in  a  fertile 
and  prolific  country,  they  are  of  a  somewhat  inferior  physique,  and 
have  been  considered  "  dogs  "  by  their  more  virile  neighbours. 

The  Tongas,  or  natives  of  Maputaland,  have  been  living  for 
generations  in  the  vicinity  of  Delagoa  Bay,  a  port  occupied  for  many 
generations  by  Europeans,  Arabs,  and  Indians.  They  probably  possess, 
therefore,  more  alien  blood  than  any  of  the  races  already  described. 
In   addition,   their  close  proximity  to  the   Swazies  has  resulted  in   a 
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considerable  intermixture   with    this   race.     The   word   Tonga   implies 
"  outcast,"   and  as  we  see,   they  are  a  bastard  race  of,   however,   a 
somewhat  higher  degree  of  intelligence,  and  often  of  superior  physique 
to  that  of  their  Bantu  neighbours. 
Natives  from  Tropical  Areas. 

The  natives  from  the  district  of  Tete  consist  largely  of  two  main 
tribes,  the  Angoni  and  the  Agawa.  There  are,  however,  a  certain 
number  of  other,  and,  in  our  opinion,  inferior  tribes  from  the 
surrounding  districts,  which  are  comprised  in  this  group. 

The  Angoni,  as  we  have  already  stated,  are  of  Zulu  descent,  being 
an  offshoot  of  Umziligazi's  force  which  settled  in  Matabeleland.  They 
are  a  powerful,  intelligent,  and  well  built  race,  which  has  spread  itself 
widely  throughout  Central  Africa,  some  sections  having  spread  as  far 
to  the  north-east  as  German  East  Africa. 

The  Agaira  (Yao)  are,  however,  we  consider,  the  finest  race  from 
these  districts.  Originally  and  principally  slave-traders  living  in  the 
hills  surrounding  Lake  Nyassa,  it  was  their  custom  to  establish 
collecting  stations  on  the  eastern  shores  of  the  lake,  to  which  slaves 
from  the  western  side  could  be  brought,  and  then  handed  over  to  the 
Arab  dealers ;  in  short,  they  were  native  middlemen  in  the  slave  trade 
of  these  parts.  We  believe  they  are,  and  have  for  long  been,  the 
predominant  race,  both  mentally  and  physically.  Many  of  them  have 
embraced  the  Mohammedan  religion. 

We  wish,  here  to  state  definitely  that  our  opinions  in  regard  to 
the  physical  and  mental  characters  of  these  natives  are  derived  soleh 
from  the  type  of  '"  boy  "  we  have  seen  on  the  Eand,  as  neither  of  us 
has  had  an  opportunity  of  visiting  this  part  of  Central  Africa. 

Natives  from  Portuguese  Nyassaland  vary  considerably  in  type. 
Many  have  Swahili  blood  in  their  veins,  while  some  appear  to  be 
practically  pure  Swahili.  The  Arab  type  of  feature  is  very  pronounced 
in  a  number  of  natives  inhabiting  the  coastal  belt  of  this  district  as 
well  as  of  that  further  south.  The  Swahili  language  is  understood  by 
many,  and  serves  as  the  lingua  franca  among  the  coastal  natives  of 
Nyassaland.  While  a  large  number  of  Nyassaland  recruits  come  from 
the  coastal  districts,  a  smaller  number  are  recruited  from  the  interior, 
and  are  of  a  totally  different  type. 

The  Mocjambique  natives  are  a  very  heterogeneous  class,  but  may 
be  roughly  sub-divided  into  four  groups:  the  coastal  native,  the 
Makuas,  the  Lomwes,  and  the  Parapatos. 

The  coastal  native  is  of  very  mixed  origin.  Many  show  signs  of 
Arab  and  Indian  parentage,  and  not  rarely  have  hair  of  an  Asiatic 
character.  The  influence  of  the  Portuguese  custom  of  moving  native 
troops  from  one  part  of  the  country  to  another,  even  bringing  West 
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Coast  troops  to  East  Africa  and  vice  versa,  has  left  its  mark  in  this 
as  in  other  parts  of  the  country.  Traffic  with  the  island  of 
Mo(;;ambique,  an  old  and  important  slaving  centre  and  a  modern  port 
of  some  importance,  has  not  been  without  its  influence  in  this  district. 
A  large  number  of  the  natives  profess  the  Alohammedau  religion. 
Educationally  and  physically,  the  coastal  native  is  in  general  of  a 
better  type  than  the  native  from  the  interior. 

The  Makiias  are  to  be  found  in  the  north  and  north-eastern 
parts  of  this  district.  The  name  apparently  denotes  the  wild  or 
savage  man,  and  no  native  acknowledges  himself  to  be  a  Makua ; 
they  admit,  however,  that  their  language  is  the  chi-makua.  This  group 
is  sub-divided  into  many  tribes,  among  which  are  Maravis  people, 
Nhamarals,  Itoculos,  Nacavala,  Nacaroa,  Aloagems,  and  Irades. 
They  ail  have  deep  incisions  on  the  face,  and  are  inore  or  less  tatooed 
on  the  body.  The  tribal  markings  vary  considerably  and  are  distinctive. 
Mr.  yhepherd  thinks  that  the  Makuas  are  very  old  inhabitants,  and 
in  spite  of  the  fact  that  their  physique  is  better  than  that  of  any  of 
the  other  inhabitants  of  the  interior  of  this  district,  slave  trading, 
tribal  fighting,  and  small  pox  have  prevented  them  from  becoming  a 
powerful  race. 

The  homwe^.  These  people  inhabit  the  western  and  south- 
western parts  of  Mocambique.  They  came  originally  from  the  Lomwe, 
Higher,  and  Lower  Al'locue  districts  of  Quiliixiane,  spreading  into  the 
south-western  part  of  Aloeambique,  which  at  that  time  was  practically 
uninhabited.  These  people  still  maijitain  considerable  inter- 
communication with  the  Lomwes  across  the  Ligonha  River.  The 
Lornwes  are  much  less  tatooed  than  the  Makuas.  They  are  a  wandering 
tribe,  constantly  on  the  move ;  this  is  due  to  a  variety  of  causes, 
partly  to  the  poverty  of  the  land,  which  soon  becomes  exhausted  when 
cultivated,  partly  to  tribal  feuds,  and  to  avoid  the  inroads  of  the  white 
man  with  its  consequent  taxation.  Their  language  is  very  similar  to 
that  of  the  Lomwes  of  Quilimane,  but  contains  many  Mords  ^^■hic]l 
would  not  be  understood  by  the  latter.  The  Lomwes  are  physically 
a  poor  race.  Being  very  lazy,  and  living  in  an  unfertile  country,  they 
have  frequently  suffered  from  famine.  Owing  to  these  conditions  they 
iiave  not  been  able  to  obtain  women  from  neighbouring  tribes,  and 
continvial  inbreeding  lias  still  further  helped  to  deteriorate  an  already 
inferior  race. 

TJic  Parapatos.  This  term  includes  the  natives  living  in  the 
distx-ict  of  Angoshe,  a  triangular  area  bounded,  on  the  north  by  about 
the  fifteenth  parallel  of  latitude,  and  to  the  south  by  the  Ligonha 
River.  The  most  important  tribe  in  this  country  are  the  Imbamellas. 
Thoy  arc  ]jrobably  fairly  old  inhabitants,  luuing  affinities  in  language 
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and  customs  with  the  Lomwes,  but  are  not  tatooed  to  the  same  extent. 
The  Arab  intluence  among  them  has  been  considerable.  They  are 
tall,  but  otherwise  not  physically  a  fine  race,  and  on  the  Rand  show 
\ev\  little  resistance  to  disease.  They  are  chietly  engaged  in 
agriculture,  trading  ground  nuts  to  the  Indian  storekeepers;  they  are, 
however,  lazy,  and  at  times  neglect  their  crops,  so  that  they  suffer 
unnecessarily  from  famine. 

The  district  of  Quilimane  can  be  divided  into  four  areas,  namely: — 
Lomwe,  Higher  M'Locque,  Lower  AI'Locque,  and  Maganja  da  Costa. 

The  natives  in  the  Lomwe  district  are  of  poor  physique.  On  two 
occasions  in  recent  years  they  have  been  almost  annihilated  by  famine 
and  disease.  They  are  exceedingly  lazj",  and  will  not  take  the  trouble 
to  plant  crops,  and  even  when  this  has  been  done,  frequently  neglect 
to  harvest  them.  The  inhabitants  of  Higher,  and  Lower  M'Locque 
are  very  little  superior  to  the  Lomwes.  Natives  from  the  district  of 
Maganja  da  Costa  are  a  much  finer  race  than  those  just  referred  to. 
They  are  a  coastal  tribe  of  superior  physique  and  intelligence. 

The  above  brief  sketch  of  the  various  native  races  comprising  the 
population  dealt  with  in  our  records  is  not  put  forward  with  any  claim 
to  accuracy  of  detail,  which  it  is  exceedingly  difficult  to  obtain  even 
if  at  all  possible.  Our  only  object  in  touching  on  this  matter  here  is 
to  give  the  reader — unacquainted  with  the  conditions  among  these 
races- — some  idea  of  the  nature  of  the  material,  and  to  demonstrate 
the  futility  of  attempting  to  regard  any  tribe  as  a  pure  strain  even  if 
only  for  a  few  generations.  Nevertheless,  there  are  very  marked 
differences  between  the  natives  from  tropical  districts,  and  those 
coming  from  south  of  latitude  22°  S.,  and  when  we  come  to  sub-divide 
these  groups,  differences  are  still  discernable  though  to  a  less  extent. 
We  reproduce  drawings  by  Miss  0.  M.  Vieich  of  native  faces.  These 
"  boys  "  were  chosen  by  Mr.  Lloyd  as  typical  of  the  race  they 
represent ;  they  further  serve  to  illustrate  the  facial  markings  which 
are  so  noticeable  a  feature  among  many  Bantu  tribes. 

We  wish  here  to  record  our  thanks;  to  Mr.  B.  G.  Lloyd,  General 
Manager  of  the  Witwatersrand  Native  Labour  Association,  for  reading 
through  the  manuscript  of  this  part  of  our  paper,  and  for  giving  us 
much  valuable  advice,  and  further,  for  allowing  us  to  reproduce  the 
drawings  referred  to  above;  and  also  to  Mr.  W.  C.  A.  Shepherd,  Chief 
Agent  of  the  Witwatersrand  Native  Labour  Association  in  Mocambique, 
for  sending  us  notes  on  the  natives  of  this  district,  from  which  we  have 
quoted  freely. 

We  can  now  turn  to  an  examination  of  the  actual  records  of  the 
data  obtained  at  the  post-mortem  examinations,  on  these  natives, 
conducted  in  Johannesburg. 
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STATUEE. 


The  measuvemeuts  of  stature,  here  eousidered,  were  obtained  after 
death  in  the  following  manner: — The  body  being  placed  as  straight  as 
possible  on  the  post-mortem  table,  the  distance  from  the  heel  to  the 
crown  of  the  head  was  read  off  on  a  graduated  staff.  We  had  some 
misgiving  as  to  whether  this  method  might  not  introduce  serious 
errors,  owing  possibly  to  post-mortem  rigidity  and  to  the  unusual 
position  of  the  body.  These  factors,  however,  if  they  be  effective  in 
appreciabl}"  altering  the  observed  height  from  its  true  value  would 
probably  act  in  opposite  directions;  thus,  muscular  contractions  would 
tend  to  diminish,  and  the  dorsal-recumbent  position,  owing  to  a 
flattening  of  the  spinal  curves,  to  mcrease  the  apparent  height. 
Judging  from  values  found  by  other  observers  for  living  liantu 
Natives,  our  post-mortem  records  do  not  suggest  that  any  very  large 
errors  are  introduced  by  this  method  of  obtaining  the  measurement. 

In  Table  I.  the  mean  height  in  centimetres,  the  standard 
deviations,  and  coefficients  of  variation,  are  given  for  the  different 
territorial  classifications;  the  natives  being  grouped,  as  already 
explained,  under  headings  according  to  the  country  from  which  they 
came.* 

TABLE   I. 

Stature. 


District . 

Mean . 

ff 

C.  of  V. 

N. 

Mozambique 

..     167-05  + 

•20 

6  •105  ±  -142 

3  -65 

410 

Quilimane             

..     166-53  + 

-38 

6  -462  +  -277 

3-88 

123 

Port.  Nvassaland 

..     166-65  + 

•38 

5  -601  ±  -274 

3-36 

95 

Tete            

..     169 -70  ± 

•66 

7  •488  +  -472 

4-41 

58 

Total  from  Tropical  Areas     . 

..     167-16  + 

-15 

6  -269  +  -114 

3-75 

693 

Inbambane           

..     168-99  + 

-51 

6  -599  +  -363 

3-91 

75 

M'chopi 

..     171-22  + 

-53 

5  -255  ±  -381 

3-07 

43 

Gazaland 

..     170 -49+. 

-56 

6  -597  +  -404 

3-87 

61 

Maputaland 

,..     166 -83 +  1-22 

6  -028  ±  -866 

3-61 

11 

Total    from    East    Coast 

169  -70  + 

•30 

6  -005  +  -208 

3-54 

190 

South  lat.  22°  S 

...     169 -70  ± 

•30 

6  -005  +  -208 

3-54 

190 

*Kote. — In  this  and  subsequent  tables  the  numbers  in  the  total  groups  do  not. 
always  correspond  with  the  additions  of  the  numbers  in  the  sub-groups,  because  of 
the  inclusion  of  some  cases  which  could  not  be  classed  under  the  sub-headings  given, 
and  were  not  sufficiently  iiuinerouK  to  warrant  the  construction  of  further  sub-groups. 
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Jt  will  be  noticed  that  the  Natives  from  South  of  Latitude  22°  S. 
are  taller  and  rather  less  variable  in  height  than  those  from  north  of 
this  parallel,  and  the  question  as  to  whether  this  difference  may  be 
regarded  as  a  racial  characteristic,  or  is  due  to  the  selection  of  the 
sample,  must  be  considered.  In  the  retm-ns  here  dealt  with,  the 
Natives  from  Tropical  Areas  were  mainly  "new-boys,"  that  is, 
"  boys  "  detained  in  compound  before  allotment  to  the  mines,  while 
among  those  from  the  East  Coast,  the  greater  number  had  died  while 
detained  in  compound  on  their  way  home,  that  is,  most  of  them  were 
being  repatriated  as  being  medically  unfit,  ha\'ing  usually  some  chronic 
disease,  for  example,  tuberciilosis.  It  is  evident,  therefore,  that  if 
there  is  any  selective  death-rate  in  regard  to  height,  this  point  must 
be  first  investigated  before  conclusions  as  to  the  significance  of  the 
observed  difference  between  these  two  groups  can  be  drawn. 

In  Table  II.  the  two  main  groups  have  been  divided  into, 
"  new-boys  "  and  "  mine-boys,"  the  former  term  applying  to  Natives 
who  died  while  detained  before  allotment  to  the  mines,  and  the  latter 
to  those  who  died  while  in  compound  after  rejection  by  the  mines  as 
medicallv  unfit. 

TABLE    II. 

Stature  and  Disease. 
Tropical  Natives.     "  Nev-Boys." 


Disease. 

Tuberculosis              

Intestinal  Diseases 

Cerebro-spinal-meningitis   ... 

Hydronephrosis 

Pneumonia 

Other  medical  causes 

Mean. 
169-57+  -76 
167  -57  ±  -48 
167  -44  +  -33 
167  -16  ±  -56 
167  -14  +  -25 
166  -91  +  -41 

5  -616  ±  -536 

6  -675  ±  -333 
0  -975  ±  -231 

5  -984  ±  -396 

6  -.533  +  -173 

7  -028  +  -284 

C.  of  V. 
3-31 

3-98 
4-17 
3 -.58 
3-91 
4-21 

N. 
25 
91 

207 
52 

322 

139 

Total        

167-29+  -15 

6  -698  ±  -112 

4-00± 

■07 

836 

Tropical  Natives.     ' 

Mine-Boys." 

Tuberculosis 

Other  medical  causes 

167-49+  -56 
168  -00  ±  -56 

4  -935  +  -391 

5  -474  +  -404 

2-95 
3-26 

36 
42 

Total        

167  -77  +  -43 

5  -545  +  -300 

3-31± 

-18 

78 

East  Coast  Natives. 

"  New-Boys.' 

' 

Total             

167  -95  +  -69 

6  -711  +  -488 

4-00± 

-29 

43 

East  Coast  Natives. 

"  Mine-Boys.' 

' 

Tuberculosis              

Other  medical  causes 

170-13+  -41 
169  -14  ±  -53 

6  -025  +  -287 
5  -916  +  -371 

3  -54 
3-50 

100 
58 

Total        

169  -78  +  -33 

6  -005  +  -229 

3-54  + 

-13 

158 
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In  the  group  Tropical  Natives  "  new-boys,"  no  disease,  with  the 
exception  of  tuberculosis,  is  associated  with  an}-  great  variation  in 
height  from  the  mean.  In  the  small  group  of  deaths  from  tuberculosis 
here  recorded,  the  mean  height  is  over  2  cm.  above  the  average  for 
the  group.  In  this  group  there  are,  however,  a  few  Natives  who  have 
worked  on  the  Band  at  some  previous  time,  and  are  again  coming  up 
to  work ;  it  is  among  Natives  in  this  class  that  tuberculosis  is  most 
frequently  met  with.^  It  is,  we  think,  reasonable  to  suppose  that  this 
group  therefore  may  be  a  selected  group.  Further,  the  coefficient  of 
^■ariability  is  rather  smaller  than  that  in  any  of  the  other  sub-groups. 
In  both  of  the  main  groups,  the  coefficient  of  variability  is  smaller 
among  the  "mine-boys  "  than  among  the  "new-boys,"'  while  the 
mean  height  is  greater.  This  could  be  explained  on  the  assumption 
that  there  is  a  selective  death-rate  on  the  shorter  "  boy  "  in  respect 
to  acute  diseases,  in  other  words,  the  undersized  and  generally  less 
developed  subject  is  more  prone  to  die  from  such  diseases  as 
cerebro-spinal-meningitis  and  pneumonia.  It  must  not  be  forgotten, 
however,  that  there  is  apparently  a  racial  difference  in  height,  and 
that  there  is  no  doubt  that  there  is  a  racial  difference  in  liability 
to  both  the  above-mentioned  diseases.  The  highest  pneumonia 
rate  occurs  amongst  the  Quilimane  Natives,  while  the  rate  from 
cerebro-spinal-meningitis  is  highest  among  the  Mozambique  Natives, 
those  from  Nyassaland  coming  second,  while  the  Quilimane  Natives 
have  a  considerably  lower  mortality  from  this  disease  than  either  of 
the  two  former  groups. 

Considering  these  points  in  relation  to  the  data  here  discussed,  it 
seems  fair  to  state  that  apparently  there  is  some  evidence  in  favour 
of  the  hypothesis  that  the  death-rate  may  be  selective  in  regard  to 
stature,  on  the  ground  that  the  Natives  who  die  after  working  on  the 
mines — that  is,  after  some  months  residence  on  the  Keef— are  not 
only  taller  than  the  newcomers,  but  the  coefficient  of  variability  of 
this  measurement  is  smaller. 

It  will  be  necessary,  therefore,  to  bear  these  facts  in  mind  before 
any  deductions  are  drawn  from  small  differences  obtained  from  these, 
and  similarly  selected  classes.  In  regard  to  age,  the  bulk  of  the 
Natives  considered  may  be  classed  as  young  adults ;  no  Natives  imder 
eighteen  and  few  of  over  fifty  years  are  included  in  the  returns. 

Many  observations  among  Europeans  have  shown  that  distributions 
of  heights,  when  the  data  are  drawn  from  a  fairly  homogeneous 
population,  are  very  closely  represented  by  the  Normal  or  Gaussian 
Ourve.  In  our  figures  the  most  homogeneous  group  of  approximately 
sufficient  size  from  which  the  type  of  the  distribution  could  be 
calculated,    was  that   of  the   Mogambiques.      This   group,    however,    is 
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not  really  lioinogeueous ;  the  Natives  from  the  Southern  district,  that 
of  Augoche,  being  in  many  respects  quite  difterent  from  those  of  the 
Northern  portion  of  this  area.  The  constants  obtained  from  the 
recorded  height  of  the  four  hundred  and  ten  Natives  in  Tal)le  I.  is  as 
follows:  — 

Mean        167-0548 

<y  6 -1050 

P,  0-O036 

P^  2-9966 

y  =  G7-63yf— ■■'l"-'-'-'2"' 
It  is  seen  that  this  distribution  conforms  to  the  rule  of  normality 
mentioned  above. 

In  Table  III.  a  few  mean  heights  from  otlier  races  are  given  to 
enable  the  reader  to  compare  the  ^alues  with  those  just  recorded. 
They  have  been  selected  from  among  the  numerous  published  records, 
and  their  source  acknowledged.  We  have  also  included  some  values 
for  local  native  races  compiled  by  the  late  Dr.  Brodie.  which  Me 
believe  have  not  been  published  before.  We  have  converted  inches 
into  centimetres  when  necessaxw,  in  order  to  facilitate  comparison. 

TABLE   III. 
Table  of  Heights. 

6.  Cambridge  Undergraduates.      (,1077)    Galtou  ...  ...  175  01 

3.  British  Middle  Class.     (1000)   Pearson     ...  ...  ...  172 -83 

3.  Galtou  S.  Keusiugtou  Laboratory  Series  ...  ...  ...  172-47 

5.  Bantu.     Fritch                  ...             ...             ...  ...  ...  171-8 

3.  New  South  Wales  Criminals.      ilOOOj.     Ages  25-30  ...  170-95 

1.  Young   Males.     Swedes                  ...             ...  ...  ...  170  18 

■i.  Young    Males.     Bohemians            ...             ...  ...  ...  169-^2 

i.  Young  Males.     Hessians               ...             ...  ...  ...  167-29 

6.  East   Coast   Natives.      (1337;        ...             ...  ...  ...  168-91 

6.  British  Basuto                  ...            ...            ...  ...  ...  168-91 

5.  Bechuanas.     Fritch  ...  ...  ...  ...  ...     168-4 

6.  Cape  Colony.      (680j         ...  ...  ...  ...  ...     168-28 

5.  American  Negroes    (pure).     Gould  ...  ...  ...  168-00 

6.  Transvaal  Basuto.     (521)              ...  ...  ...  ...  167-64 

6.  British  Central  African  Natives.     (121)  ...  ...  ...  166-37 

6.  Rhodesian  Natives.      (199)            ...  ...  ...  ...  166-37 

6.  Bechuanas.     (66)              ...            ...  ...  ...  ...  166-37 

6.  Zambesia  Natives.     (319)             ...  ...  ...  ...  163-20 


Reference  number  lo  bibliography  ;it  end  of  paper. 
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BKATN   WEIGHT. 

The  iiietliod  of  obtaining  the  brain  weights  was  as  follows: — The 
brain  on  removal  from  the  skull  was  weighed  to  the  nearest  five  grams 
without  the  removal  of  the  pia-arachnoid.  The  pons,  medulla,  and 
cerebellum,  were  then  separated,  and  the  weight  of  the  cerebrum 
alone  noted.  Nearly  all  the  post-mortem  examinations  were  conducted 
within  twelve  to  twenty-four  hours  after  death,  the  bodies  being  kept 
in  the  refrigerator  pending  examination.  No  deaths  from  accident  are 
included  in  these  returns,  the  cause  of  death  in  the  majorit}'  of  cases 
being  some  acute  disease,  for  example,  pneumonia. 


TABLE    IV. 

Cercbruin  Weights. 

District. 

Mean.                             g. 

C.  of  V. 

N. 

Mo9ambique 

...     1136-1+   3-3            98-17  + 

2-31 

8-64 

410 

Quilimane           

...     1127-1+   5-6            92-40  + 

3-97 

8-20 

123 

Port.   Nvassaland 

...     1128-6+    5-3            76-70  + 

3-75 

6-80 

95 

Tete          

...     1147-4+    8-8            99-60± 

6-24 

8-68 

58 

Total  Tropical  Natives 

...     1134-7+   2-5            94-87  + 

1-72 

8-36 

693 

Inhambane         

...     1109-5+    6-7            85-55  + 

4-71 

7-71 

75 

M'chopi 

...     1195-7+    9-6            93-73  + 

6-82 

8-55 

43 

Gazaland            

...     1107 -2  ±    7-1            81-78  + 

4-99 

7-39 

61 

Maputaland        

. . .     1098  -9  +  31  -1          152  -85  ±  21  -98 

13-91 

11 

Total  East  Coast  Natives 


1104-9+   4-7 


95-74+   3-31 


8-66 


190 


TABLE   V. 

Cerebellum,  Pons,  cnid  Medulla. 


District  from  where  recruited.  Mean. 

Mofambique       166-36+    -52 

Quilimane  163-14+    -89 

Nyassa  166-27  +  1-13 

Tete         172-02  +  1-30 


a 

15  -68  + 
14  -63  + 

16  -34  + 
14  -60  + 


-37 
-63 
-80 
-92 


C.  of  V. 
9-43 

8-97 
9-83 
8-49 


N. 
410 
123 

95 

58 


Total 


166-27+    -40 


15  -72  +    -28 


9-45 


693 


Inhambane 
M'chopi 
Gazaland 
Maputaland 


168  -42  +  1  -35 
165  -00  +  1  -87 
168-72  +  1-62 
162  -50  +  4  -13 


17  -50  ±    -96 

17  -92  +  1  -32 

18  -90  + 1  -14 
17-30  +  2-92 


10-39 
10-86 
11-20 
10-65 


75 
43 
61 
11 


Total 


167-54+    -90 


18-32+    -64 


10-93 


190 
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As  these  values  are  obtained  from  Natives  who  died  from  disease, 
it  is  clear  they  cannot  be  regarded  as  random  samples  of  tribal  weights, 
unless  there  is  no  selective  death-rate  in  respect  of  this  character. 
The  cause  of  death  may  also  have  some  effect  on  brain-weight  by 
altering  the  quantity  of  blood  in  the  vessels,  or  of  cerebro-spinal-fluid 
in  the  ventricles.  In  this  connection  we  must  not  overlook  the 
observations  of  J.  B.  Blakeman.  In  a  paper  written  by  him  in 
conjunction  with  Dr.  A.  Lee  and  Professor  Pearson  some  figures  are 
given  which  suggest  that  when  death  was  occasioned  by  chronic 
diseases,  the  brain  weight  was  less  than  when  an  acute  disease  was 
the  cause.  They  write:  "  It  will  thus  be  seen  that,  with  the  exception 
of  the  males  over  forty-six,  the  cause  of  death  makes  a  very 
substantial  difference  in  the  average  brain  weight."''  It  will  be  noticed 
that  our  results  as  they  stand  do  not  confirm  this  result,  but  as  will 
be  seen,  there  may  be  special  reasons  for  this  apparent  want  of 
agreement.  As  our  groups  are  unavoidably  heterogeneous  in  character, 
a  tribal  constitutional  liability  to  a  disease  might  lead  to  an  undue 
number  of  cases  from  one  source  being  included  in  the  returns  ;  and 
if  the  particular  group  of  Natives  had  a  tribal  difference  in  brain 
weight  from  that  of  the  remainder  of  the  group,  a  false  estimate  as 
to  the  relation  of  cause  of  death  and  brain-weight  might  result.  That 
tribal  differences  in  liability  to  pneumonia  and  cerebro-spinal- 
meningitis  do  occur  has  been  shown  in  other  publications. - 

These  figures  comprise  data  from  a  similar  soiu-ce  to  that  already 
dealt  with  under  the  heading  "  Stature,"  the  reader  will  therefore 
realise  that  most  of  the  Natives  in  the  group  "  Tropical  "  died  from 
acute  disease  before  going  to  work  on  the  mines,  while  in  the  East 
Coast  group  the  larger  number  were  old  "  mine-boys  "  among  whom 
the  more  chronic  complaints  predominate. 

In  Table  VI.  the  cerebrum  weights  are  recorded  and  classed 
according  to  the  cause  of  death  for  the  four  groups,  "  Tropical  new- 
boys  "  and  "  mine-boys,"  East  Coast  "  new-boys  "  and  "  mine-boys." 

From  this  table  it  will  be  seen  that  in  the  group  Tropical  Natives 
"  new-boys  "  that  even  excluding  cases  of  death  from  cerebro-spinal- 
meningitis,  the  average  cerebrum  weight  is  rather  higher  than  that 
found  for  the  whole  group  in  Table  lY.,  while  for  the  group 
"  mine-boys  "  it  is  distinctly  lower.  We  can  attempt,  by  the  method 
devised  by  Professor  K.  Pearson  "  On  the  Pi-obability  that  two 
Independent  Distributions  of  Frequency  are  really  Samples  from  the 
same  Popvilation,"*  to  determine  whether  these  differences  are 
accidental,  or  should  be  regarded  as  significant. 
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TABLE   VI. 
Tropical  Natives.     "  New-boys." 

Cerebrum  Weights. 


Disease. 

Mean. 

G 

C.  of  V. 

N. 

Cerebro-spinal-meningitis 

..     1166-98+    4-17 

90  -13  +  2  -95 

7-72 

212 

Hydronephrosis 

..     1164 -75  ±  11 -20 

115  -02  +  7  -96 

9-88 

48 

Intestinal  diseases 

..     1146-66+   6-89 

96  -90  +  4  -87 

8-45 

90 

Pneumonia       

..     1138-75+    3-42 

90-71  +  2  -42 

7-97 

320 

Tuberculosis 

..     1137-50  +  12-13 

88-10  +  8  -58 

7-74 

24 

Other  medical  diseases 

..     1132-8   +    5-11 

93  -12  +  6  -31 

8-22 

151 

Total      1147-04+   2-19 

94  -20  +  1  -55 

8-21 

845 

Total   less   Cerebro-spinal- 
meningitis            1140-36+   2-54 

94  -59  +  1  -79 

8-29 

633 

Tropical  Natives. 

Mine-boys." 

Disease.                                     Mean. 
Tuberculosis     1108-33  +  10  88 

a 
96  -77  ±  7  -69 

('.  of  V. 
8-73 

N. 
36 

Total      1097-94+    7-85 

99  -41  +  5  -55 

9-05 

73 

East  Coast  Natives. 

"  Neic-boys." 

• 

Disease.                                     Mean. 
Total      1150-00  +  10  09 

89  -77  +  7  -14 

C.  of  Y. 
7-81 

N. 

36 

East  Coast  Natives.     "  Mine-boys." 


Diseas 
Tuberculosis     . 


Mean. 
1095-16+   6-93 


99  -08  +  4  -90 


C.  of  V, 
9  05 


N. 

93 


Total 


1104  05+   5-44 


•10  +  3  -85 


•39 


148 


The  following  values  were  obtained  by  grouping  the  weights  into 
units  of  one  hundred  grams  and  calculating  -/-. 

Tropical  Native.'i. 

"  New-Boys  "'  and  "  Mine-Boys." 
•/•=19  075  P=U08 
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East  Coast  Natives. 


"  New-Boys  "  and  "  Mine-Boys." 
-/  =  4-4058  P=-495 


Tro-pical  "  Mine-Boys  "  with  East  Coast  "  Mine-Boys." 
y=  =  8-1106  P=-28l 


The  number  of  cases  in  the  groups  "  mine- boys  "  is  unfortunately 
very  small,  nevertheless  it  will  be  noticed  that  among  both  Tropical 
and  East  Coast  Natives,  the  "  mine-boys  "  have  a  considerably 
lighter  cerebrum  than  the  "  new-boys,"  and  that  the  Tropical 
"  mine-boys  "  agree  more  closely  with  the  East  Coast  "  mine-boys  " 
than  with  Tropical  "new-boys";  and  further,  that  East  Coast 
"  new-boys  "  have  actually  a  higher  cerebrum  weight  than  Tropical 
"new-boys,"  although  in  Table  IV.  it  appeared  that  the  East  Coast 
group  had  the  lighter  cerebrum.  It  will  be  evident,  therefore,  that 
caution  must  be  used  before  deducing  any  conclusions  from  the  tribal 
differences  shown  in  these  tables. 

It  appears  probable  that  at  any  rate  among  Tropical  Natives,  there 
is  a  difference  in  cerebrum  weight  according  to  whether  the  Native 
has  worked  on  the  mines  before  death  or  not ;  but  whether  this 
diffei'ence  be  due  to  the  nature  of  the  disease,  to  the  effects  of  mine 
work,  or  is  evidence  of  a  selective  death-rate  on  the  "  boys  "  who 
have  the  lightest  cerebrum  on  the  mines,  or  the  newcomers  who  have 
the  heaviest  cerebrum,  remains  to  be  determined.  There  does  not 
seem  to  be  any  definite  evidence  that  an  acute  disease  such  as 
pneumonia  tends  to  be  associated  with  a  brain  of  above  the  mean 
weight  or  that  tuberculosis  is  associated  with  a  particularly  light  brain. 
On  the  other  hand,  the  intestinal  diseases,  which  in  this  group  are 
chiefly  represented  by  dysentry,  are  apparently  associated  with  a  bx*ain 
s;lightly  above  the  average  weight :  this,  if  it  be  a  real  relationship, 
is  tlie  more  remarkable,  in  that  it  is  not  likely  that  anv  increase  in  the 
weight  is  due  to  an  additional  amount  of  blood  in  the  cerebral  vessels  : 
for  this  disease  is  accompanied  by  considerable  loss  of  the  body  fluids 
Having  regard,  however,  to  the  size  of  the  sample  and  its  \ariability, 
too  much  stress  must  not  be  laid  on  this  observation. 
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Although  the  "  mine-boy  "  has  apparently  in  both  of  the  main 
groups  a  lighter  cerebrum  than  the  "  boy  "  dying  before  being  allotted 
to  work,  yet,  as  we  have  seen,  he  is  on  the  average  a  taller  "  boy." 
If  in  the  group  of  deaths  among  "  mine-boys  "  here  dealt  with,  the 
taller  Native  has  the  lighter  brain,  we  might  expect  to  find — bearing 
in  mind  the  fact  that  in  these  groups  the  brain  weights  show  larger 
coefficient  of  variation  than  among  "  new-boys  " — -that  there  is  a 
lower  coefficient  of  correlation  for  lieight  and  weight  of  cerebrum 
than  among  the  "new-boys."  Among  all  Tropical  Natives  we  find 
the  correlation  of  stature  with  weight  of  cerebrum  is  considerably 
larger  than  that  among  East  Coast  Natives  (see  Table  VIII.),  and 
as  already  mentioned,  the  former  group  contains  very  few  "  mine- 
boys,"  while  in  the  latter  the  majority  belong  to  this  class.  It  will 
be  necessary  to  collect  larger  numbers  before  any  definite  opinions  can 
be  formed  in  regard  to  a  selective  death-rate  in  respect  to  brain 
weight ;  nevertheless,  these  figures  serve  to  point  a  warning,  namely, 
that  great  care  must  be  exercised  before  racial  differences  are  asserted 
to  exist  from  the  examination  of  records  of  post-mortem  weights, 
when  the  conditions  under  which  the  subjects  were  living  prior  to 
death  were  not  comparable.  While  the  cerebrum  weight  of  the 
Tropical  Native  is  apparently  greater  than  that  of  the  East  Coast 
Native,  there  is  no  evidence  that  any  similar  variation  occurs  in 
regard  to  the  weight  of  the  cerebellum,  pons,  and  medulla. 

One  curious  feature  is  noticeable  on  reference  to  Tables  TV.  and  V. 
.\t  first  sight  we  should  hardly  expect  to  find  the  coefficient  of 
variability  of  the  cerebellum,  pons,  and  medulla,  to  be  greater  than 
that  of  the  cerebrum,  but  in  each  of  the  above  cases  it  is  so.  Dr. 
Raymond  Pearl  has  drawn  attention  to  the  fact  that  the  cerebrum  is 
more  variable  than  the  whole  brain;  he  writes:  "The  cerebral 
bemispheres  are  markedly  more  variable  in  weight  as  judged  by  the 
coefficient  of  variation  than  is  the  entire  encephalon.  This  greater 
variation  may  denote  a  really  greater  variability  of  this  part  of  the 
brain,  or  it  may  be  due  to  the  variable  element  which  enters  as  the 
result  of  the  separating  of  these  organs  from  the  rest  of  the  brain. 
It  seems  likely  to  me  that  it  is  in  part,  at  least,  real  for  the  following 
reasons:  first,  the  cerebral  hemispheres  have  attained  relatively 
enormous  development  late  in  their  phylogenetic  history  :  and  again 
from  the  functional  standpoint  the  cerebrum  is  the  most  variable  part 
of  the  brain.  "^  We  agree  with  Dr.  Pearl  in  regard  to  his  latter 
surmises,  biTt  as  to  the  greater  variability  being  possibly  due  to  "  a 
variable  element  which  enters  as  a  result  of  the  separating  of  these 
organs,"  we  think  there  \vould  probably  be  considerably  more  variation 
produced  by  severing  the  medulla  at  different  distances  from  the  pons, 
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than  in  separating  the  cerebrum  by  division  of  the  crura.  Fiu'ther,  the 
greater  variability  of  the  cerebellum,  pons,  and  medulla,  observed  in 
our  figures  may,  we  thinJi:,  probably  be  due  to  this  variation  in  length 
of  the  medulla  included  in  the  specimens :  clearly  these  organs  will 
have  two  such  sources  of  error,  while  the  cerebrum  can  have  but  one. 
The  weight  of  the  cerebrum  is  correlated  with  the  weight  of  the 
rest  of  the  encephalon.  but  our  figures  do  not  permit  of  any  accurate 
measurement  of  this  value  for  strictly  homogeneous  groups.  The 
following  table  gives  the  correlation  of  cerebrum  weight  with  that  of 
the  cerebellum,  pons,  and  medulla. 


TABLE   VTI. 
Crrehruni    tn'fli    Cerebellum .   Pnm^,   and   \fedulhi. 


Mocambique. 

Total  Tropical. 

East  Coast. 

r 

•497.5  +  •02.50 

•4604  ±    0202 

-.3.565  ±   0428 

r 

1  -24.51 

1  1010 

•7271 

an 

r — 

•1988 

•1910 

•1748 

(Tr 

Much  has  been  written  in  regard  to  the  relation  of  stature  to  brain 
weight,  and  a  short  consideration  of  this  point  will  not  be  out  of  place. 
It  has  been  claimed  by  some  authors  that  there  is  a  close  agreement 
between  height  and  brain  weight.  This  may  be  true  as  regards  tribal 
values  for  similar  races,  but  recent  researches  prove  that  the 
correlation  among  individuals  is  in  all  cases  only  a  low  one.  Our 
observations  show  that  this  is  also  the  case  in  regard  to  these  Bantu 
races,  and  that  the  correlation  values  are  similar  to  those  obtained 
from  European  data. 

Dr.  Raymond  PearP"  gives  the  following  values  for  the  correlation 
of  Brain-weight  and  Stature  in  the  following  groups,  for  young 
males: — 

Swedes         1830  ±-0320 

Hessians      •1823+0299 

Bohemians               ...  -2034+0397 

Bavarians 1664  i:  0343 

Cerebrum  and  Stature  Eng.  Males  r=   1202+  0397. 
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Our  values  are  as  follows: — 

TABLE   VIII. 

Stature  with  iv eight  of  Cerebrum. 


Mocambique. 

Tropical  Natives. 

East  Coast  Natives. 

1415  +  -0326 

•1391  ±  -0251 

•0402  ±  -0495 

•2329 

•2131 

•0651 

•0860 

•0908 

•0248 

Stature  with  veight  of  Cerebellum,  Pon.s,  and  Medulla. 


Mocambique. 

T: 

ropical  Natives . 

East  Coast  Natives. 

r 

= 

•0957+  ^0330 

•1740+  ^0248 

•1065  +  -0490 

(Ti- 

r— 

= 

•0634 

•1094 

•0784 

r^ 

_ 

•1444 

•2769 

•1447 

(Tc 

In  both  the  latter  groups  the  correlation  of  stature  and  cerebrum 
is  lower  than  that  of  the  rest  of  the  brain  and  stature,  the  MoQambique 
group,  however,  is  an  apparent  exception  to  this  rule  if  it  may  be  so 
termed.  In  regard  to  the  cerebrum  and  stature  value  for  Tropical 
Natives,  this  does  not  differ  materially,  having  regard  to  the  probable 
errors,  from  that  found  by  Dr.  Pearl  for  English  Males.  The  value 
for  the  East  Coast  Natives  is  considerably  below  that  for  the  Tropical 
Natives,  and  for  English  Males.  We  have  already  seen  that,  for  some 
reason  or  other,  among  "  mine-natives  "  the  cerebrum  weights  are 
apparently  less  than  that  of  Natives  dying  before  allotment  to  the 
mines,  and  on  the  other  hand  these  "  mine-natives  "  may  have  a 
higher  statiu-e.  If  the  explanation  that  selective  death-rates  in  regard 
to  these  characters  are  taking  place  be  correct,  this  may  have  some 
influence  in  lowering  the  correlation  between  these  characters  in  this 
group  :  and  the  fact  tbat  there  is  little  or  no  evidence  of  selection  in 
regard  to  cerebellum,  pons,  and  medulla  weights,  might  account  for 
the  higher  values  found  for  these  organs  when  correlated  with  stature. 
The  following  suggestion  may  be  put  forward  as  a  possible  explanation 
of  this  observation.  Tbe  Native  with  the  heavier  brain  and  shorter 
stature  conforms  more  closely  to  the  European  ratio  of  cerebrum 
weight  to  height,  and  he  may  therefore  represent  a  higher  type  of 
development  than  the  mean  of  his  race,  and  thus  be  less  stable,  and 
also  less  resistant  to  abnormal  conditions. 
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The  ratio  of  stature  in  c.m.s.  to  cerebrum,  and  to  cerebellum, 
pons,  and  medulla  weights  in  grams  for  the  various  groups  is  shown 
below :  — 

TABLE    IX. 


Ratio  of   Wright,   fll   Cerebrum,  and  '2j   CerrhrUinn,    Pons,   and 
Medulla,  to  Statitre. 

Weight  in  Grams  to  Statxire  in  Centimetrcft. 


Cerebellum . 

Country  of  Origin. 

Cerebrum . 

Pons,  and  Medulla. 

Mopambiqiie 

0  -80 

0-996 

Qiiilimane             

6-77 

0-980 

Nyasaa       

6-77 

0-998 

Tete           

6-76 

1  014 

Total  Tropical     

6-79 

0-994 

Inhambane           

6-56 

0-997 

M'chopi     

6-40 

0-964 

Gazaland 

6-49 

0-990 

Maputaland          

6  09 

0-974 

East  Coast  Total          

6-51 

0-987 

Marshall  has  given  the  ratio  for  Europeans  of  cerebrum  in  grams 
to  height  in  centimetres  as  seven.  Tf  we  accept  this  as  the  correct 
ratio  for  Europeans,  it  will  be  apparent  that  the  ratios  here  recorded 
are  of  a  rather  lower  value,  and  the  cerebrum  weights  would  have 
to  be  increased  by  about  thirty-five  grams  for  Tropicals,  and  eighty-six 
grams  for  East  Coast  Natives  to  bring  the  ratio  to  the  value  seven. 
From  the  table  of  weights  of  cerebrum  and  stature  for  Englisli  Males 
given  by  Dr.  Pearl,  and  already  referred  to,  we  find  the  ratio  to  be 
6*9,  and  presumably  all  adult  ages  may  be  included  in  this  table.  It 
has  been  shoM-n  by  many  writers  on  the  stibject  that  brain  weight  is 
negatively  correlated  with  age  after  growth  is  complete.  We  might 
expect,  therefore,  that  this  ratio  would  sho\^-  diminishing  values  as 
the  mean  age  of  the  group  was  increased,  unless  the  decrease  in 
height  with  age  occurred  at  a  similar  rate,  which  there  is  reason 
to  doubt.  Thus,  there  is  some  a  priori  reason  for  considering  that  the 
Bantu  cei-ebrum  is  rather  lighter  in  relation  to  stature  than  that  of  the 
European. 
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The   following  table   gives   the   constants   for   the   distribution   of 
eerebi'um  weights  for  the  JMocambique  group:  — 

TABLE  X 

Mean  =  1136-41      ±;3-2() 

<T  =  98 -2325 +  2 -3085 

[ii  =  -0189+    •1)074 

^,  =  2-7780+    -1823 

N  =  412 


These  values  for  the  "  betas  "  are  not  far  from  those  required  to 
give  a  normal  distribution.  The  actual  type  is  Pearson's  Type  I.,  and 
the  mean  is  in  advance  of  the  mode.  Having  regard,  however,  to  the 
probable  errors,  it  would  not  be  safe  to  conclude  that  this  distribution 
is  not  in  reality  normal,  particularly  when  we  recollect  that  the  group 
is  not  really  homogeneous. 


SKULL   THICKNESS. 

There  is  a  general  impression  current  that  the  Native's  skull  is 
thicker  than  that  of  the  European.  We  have  heard  it  urged  that  the 
native's  immunity  to  the  ill  effects  following  head  injuries  is  due  to 
this  cause.  We  have  formed  the  opinion,  after  witnessing  many 
post-mortems  on  natives  and  examining  their  skulls,  that  this  is 
probably  an  incorrect  view,  so  far  at  least  as  it  applies  to  the  races 
here  dealt  with.  We  are  aware  that  general  impressions  of  this  kind 
are  very  apt  to  be  misleading,  and  we  merely  record  ours  here  witho\it 
wishing  to  attach  to  it  any  undue  value. 

The  difficulty  of  dealing  with  this  subject  in  an  accurate  manner 
is  considerable,  and  we  have  not  been  able  to  devise  any  method  of 
recording  the  average  thickness  of  a  skull  by  one  number.  The 
thickness  of  individual  skulls  varies  greatly  even  in  closely  adjacent 
portions.  We  thought,  however,  that  tribal  or  racial  differences  might 
be  discovered,  if  present,  by  taking  a  series  of  measurements  at  more 
or  less  fixed  points  and  determining  average  values.  The  method  of 
obtaining  the  measurements  were  as  follows: — After  the  "  skull-cap  " 
had  been  removed,  the  thickness  of  the  skull  at  the  line  of  incision 
was  determined  by  calipers  at  eight  points,  viz.,  fl)  occipital 
protuberance,  and  (2)  at  about  one  and  a  half  centimetres  on  either 
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sid«  of  the  thick  portion.  The  mean  of  these  two  readings  was 
recorded.  {'6)  The  thinnest  portion  of  the  skull  on  each  side  under 
the  temporal  muscle  lying  within  about  two  centimetres  anterior  to 
the  external  auditory  foramen.  These  two  measurements  w"ere  added 
together,  so  that,  to  obtain  the  mean  value  for  one  side,  the  recorded 
measm"ements  require  to  be  divided  by  two.  (4)  The  greatest  depth 
of  the  frontal  crest  measured  to  the  inner  table  of  the  skull,  even 
when  this  did  not  occur  on  the  line  of  incision ;  and  (5)  a  value  on  each 
side  of  this  eminence  and  distant  about  a  centimetre  from  it  (unless 
a  frontal  sinus  was  present  at  the  level  of  removal  of  the  "  skull-cap," 
in  which  case  the  measm'ement  was  taken  at  the  extremities  of  this 
cavity j  and  the  mean  of  these  two  values  recorded  as  the  fi'ontal 
thickness.  We  may  here  remark  that  the  frontal  sinuses  of  these 
natives,  more  particularly  those  fi'om  Tropical  Areas,  appear  to  be 
much  larger  than  these  spaces  in  the  European,  and  often  extend 
upwards  from  three  to  even  six  centimetres  from  the  level  of  the 
supraorbital  arch. 

On  Plate  I.  are  shown  three  sections  (actual  size)  of  the  anterior 
portion  of  the  skull,  cut  at  the  usual  level  for  removal  of  the  skull-cap, 
as  examples  of  the  not  uncommon  development  of  the  fi'ontal  sinuses. 
The  photographs  (Plate  11.),  which  were  taken  by  illuminating  the 
skull  from  the  interior,  indicate  the  height  to  which  the  sinus  extends. 
The  sinus  shown  in  figure  1  extends  five  c.m.s.  from  the  line  of 
incision.  In  all  these  specimens  the  bone  appears  to  be  absolutely 
normal ;  it  does  not  exhibit  any  roughening  of  the  surface  or  other 
pathological  condition. 

TABLE    XI 

Skull  Thickness  in   Temporal  Region. 
Combined  measnrement  of  both  sides. 

Couutry  of  Origin.                        Mean.                               (j  C.  of  V.  N. 

Mo5ambique            4 -3604  ±   0328  1 -2074  ±  -232  27-69  616 

Nyassa          4 -2810  ±  -0739  1 -2827  +   0523  29-96  137 

Quilimane 4 -4111  ±  -0969  1-3634+0667  30-91  90 

Tete               3-6429+1513  1-1867  ±1070  32-58  28 


Total  Tropical 

...     4 -3301  ±-0284 

l-2425±    0201 

28-69 

871 

East  Coast  ... 

...     3 -7778  ±  -0733 

1-1290±   0518 

29-88 

108 
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TABLE   XTI. 

Average  Thickness  of  ISkull  at  Side  of  Occipital  Frotruhirancc. 


Country  of  Origin. 

Mean. 

(T 

C.  of  V. 

N. 

Mo9ambique 

...     6  1656  ±  -0353 

1-3000  + 

■0250 

21  -08 

616 

Nyassa          

...     6 -1861  ±  -0749 

1 -3000  + 

•0530 

21  -01 

137 

Quilimane 

...     6 -30001  -0894 

1  -2578  + 

-0615 

19-97 

90 

Tete               

...     6-6082+  -1-291 

1  -0125  + 

-0913 

15  -32 

28 

Total   Tropic&l 

...     6-1855+  -0307 

1  -3440  ±  -0217 

21  -73 

871 

East  Coast 

...     5 -8611+  -0911 

1  -4041  +  -0644 

23  -96 

108 

TABLE   XIII. 
Average  Thickness  of  Skull  to  Side  of  Frontal  Crest. 


Country  of  Origin. 

Mean. 

ff 

C.  of  V. 

N. 

Mo9ambique 

...     5-0214+  -0443 

1  -6507  ± 

-0313 

32-86 

631 

Nyassa 

...     5-1087+  -0892 

1  -5531  ± 

-0631 

30-40 

138 

Quilimane     ... 

...     5-5899+  -1112 

1-5563  + 

-0786 

27-82 

89 

Tete               

...     5 -2778  ±-1478 

1  -3147  + 

•1045 

24-91 

36 

Total   Tropical 

...     5-1018+  -0366 

1  -6234  +  -0259 

31-82 

894 

East  Coast 

...     4 -8894  ±-0729 

1-5588+  -0515 

31-88 

208 

TABLE    XIV. 

Depth  of  Frontal  Crest. 


Country  of  Origin. 

Mean. 

ff 

C.  of  V. 

N. 

Mo9ambique 

...  11-6569+  -0876 

3  -2637  ± 

-0620 

28-00 

631 

Nyassa           

...  11 -9203  ±  -2027 

3  -5296  + 

-1433 

29-61 

138 

Quilimane     

...  11 -6683  ±  -2198 

3  -0748  ± 

-1555 

26  -35 

89 

Tete                

...  10 -9445  ±  -2391 

2  -1271  + 

•1691 

19-44 

36 

Total   Tropica] 

...  11 -6801  ±   0734 

3  -2567  + 

•0591 

27^88 

894 

East  Coast 


10  -4567  +   1368 


2  -9242  +   0967 


27-96 


208 
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TABLE   XV. 

Values  of  ^^  and  ^^  J"-  i^^f^  Mocambique  Group. 


Region.  P^  ^2 

Temporal  0-1319+  -0381  2  •7-292  +  -1052 

Occipital  0 -O-dSo  X   0220  2-8859+  -1264 

Frontal  0 -GTSl  ±  -2189  3 -9372  ±  -6608 

Frontal   Spine  0-2768+  -1054  3-2277+  -3105 


In  all  cases  the  native  from  Tropical  Areas  appears  to  have  a 
sliglith'  thicker  skull  than  the  native  from  the  East  Coast,  South  of 
Latitude  22°  S.  The  variability  in  the  thickness  is  approximately  the 
same  for  all  measurements  in  the  two  groups.  The  occipital  measure- 
ment is,  however,  slightly  more  constant  than  any  of  the  other 
recorded  values.  In  all  the  distributions  for  the  Mocambique  natives 
the  type  is  that  of  Pearson "s  Type  I.,  and  the  mean  is  in  advance  of 
the  mode.  Although  the  actual  values  of  the  "  betas  "  lead  to  skew 
curves,  the  probable  errors  make  us  hesitate  to  suggest  that  if  our 
population  were  homogeneous  and  the  numbers  larger,  we  should  not 
find  that  these  distributions  would  be  well  fitted  by  the  normal  curve 
of  errors. 

Having  obtained  the  above  values  for  native  skulls,  we  thought  it 
would  be  of  interest  to  compare  the  results  with  similar  measurements 
for  Europeans.  We  were  imable,  however,  to  find  any  similar  records, 
and  so  referred  the  matter  to  Dr.  D.  E.  Derry,  University  College, 
London.  We  are  much  indebted  to  him  for  sending  us  a  report  on  the 
"  Thickness  of  the  Human  Skull,"  by  Dr.  R.  J.  Anderson,  published 
in  1882.  Unfortunately,  the  sites  at  which  most  of  our  measm-ements 
were  taken  do  not  correspond  with  those  adopted  by  Dr.  Anderson, 
and  we  regret  that  we  were  not  aware  of  his  work  at  the  time  when 
our  measurements  were  first  undertaken.  Two  of  his  measurements, 
however,  appear  to  correspond  approximately  with  ours,  namely, 
"  G.  in  the  middle  fossa,  near  the  centre  of  the  squamous  part  of  the 
temporal  bone,"  and  "  I.  occipital  at  the  middle  of  the  inferior  fossae." 
We  have,  therefore,  obtained  the  mean  value  of  his  series  for  male 
skulls  in  these  positions,  and  converting  inches  into  millimeters  the 
values  are  as  follows: — G.  =  o"63  and  I.  =  7  89.  It  will  be  seen  that 
if  these  points  are  really  comparable  with  our  measurements  at 
"  Temporal    Region  "   and   "  Side    of    Occipital     i'rotruberance  "'   the 
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native  skull  is  appreciably  thinner  than  that  of  the  European.  We  do 
not  consider  that  we  can  lay  any  stress  on  the  comparison  for  the 
reasons  given,  but  at  any  rate  there  is  here  no  evidence  to  support  the 
contention  that  the  native  skull  is  thicker  than  that  of  the  European. 


CEPHALIC    AND    CEANIAL    INDICES. 

It  has  only  been  possible  for  us  to  obtain  head  and  skull,  length 
and  breadth,  measurements  in  a  comparatively  few  cases.  Horizontal 
length  and  breadth  measurements  were  taken  before  removal  of  the 
scalp,  and  subsequently  on  the  skull,  after  its  removal  at  approximately 
the  same  places.  The  analysis  of  the  values  obtained  are  given  in 
Table  XVI.,  the  natives  being  classed  into  only  two  groups,  "Tropical" 
and  "  East  Coast." 


TABIiE   XVI. 

Skull  Length. 

District  of  Origin. 

Mean.                             (j- 

C.  of  V. 

N. 

Tropical 

...     186-14+  -26            6-1448  + 

•1846 

3-30 

252 

Bast  Coast         

...     186-92+  -76            6-7757  + 
Head  Length. 

-5386 

3-63 

36 

Tropical 

...     190 -63  ±  -27            6-3500  + 

-1908 

3-33 

252 

East    Coast         

...     192-08+  -75            6-7139  + 
Skiill  Breadth, 

-5337 

3-50 

36 

Tropical              

...     133 -61  ±  -20            4-8167  + 

-1447 

3-61 

252 

East    Coast         

...     132-81+  -61            5-4151  + 
Head  Breadth. 

-4304 

4-08 

36 

Tropical              

...     139 -19  ±  -20            4 -6649  ± 

-1401 

3-35 

252 

East   Coast        

...     137-75+  -65            5 -7657  ± 

-4583 

4-19 

36 

In  the  following  table  we  have  collected  some  of  the  measurements 
of  skull  length  and  breadth,  and  the  cephalic  index,  for  negroes,  which 
have  already  been  published. 
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TABLE    XVII. 


District  or 

Tribe.                                               Length. 

Breadth. 

Cephalic 
Index. 

N. 

11.  North  oi 

Africa         182 -So 

133  -15 

72-87 

39 

11.  Algeria, 

Soudan,  and  West  Coast 

..     185  04 

135  -20 

73  -28 

54 

12.  Congo 

..     177 -78  ± 

•62 

138  -52  ±  -48 

77  -99  +  -25 

50 

12 .  Gaboon. 

(1864, 

..     179-48  + 

-53 

135-48+  -32 

75  -48  ±  -26 

50 

1'2.  Gaboon. 

(1880., 

..     182-33 

138-22 

75-86 

18 

12.  Angoui 

..     184-34 

134  -58 

73  -05 

25 

12.  Kaffir 

..     190-62 

137 -36 

72-13 

36 

12.  Zulu       . 

..     184-15 

137  -05 

74  -27 

19 

12.  Negro,   Northern 

..     182-85 

133  -15 

72-87 

39 

Tropical 

Natives 

..     186 -14  ± 

26 

133  -61  -  -20 

73-01±  -12 

252 

East  Coast  Natives  ... 

..     186-92  + 

76 

132  -81  ±  -61 

71  -53  ±  -38 

36 

In  Table  XVIII.  we 

ffive 

the  cephalic  and  cranial  h 

adices  for  1 

the 

natives  from  the   two   main  geographical   areas,   dividing  those   from 
tropical  districts  into  sub-groups. 

TABLE    XVIII. 


District  of  Origin. 

Mo9ambique 
Quilimane 
Nyassaland 
Tete,  B.C.A. 


Mo9ambique 

Quilimane 

Nyassaland 


Mean. 

(T 

C 

.  of  V. 

N. 

Crania 

I  Ind 

ex. 

71  -65  ± 

•15 

2  -8660  ± 

-1091 

4-00 

157 

71  -18  + 

-47 

3  -6845  ± 

-3321 

5-18 

28 

72  -61  ± 

-32 

2-9000  + 

-2244 

3-99 

38 

71  -98  ± 

•35 

2  -7621  ± 

•2446 

3-84 

29 

Total   Tropical    ... 

/71  •65+^13 

Vp,=  -0043 

2  ^9951  +  •OgOO            4  ^18 
^,  =  3-5362±  -7253 

252 

East   Coast 

70-35+ -37 

3  -1635  +  -2587            4  -50 

36 

Cephalic  Index. 

72  -86  ±  -14 
72  •ei  ±  ^44 
73^66+  ^35 


2 -6876 : 

3  -4676 : 
3  -2406 


•1023 
-3125 
-2507 


3-69 

4-78 
4-40 


157 
28 
38 


Tete,  B.C.A 

73-16+  -30 

2  -3965  +  -2122 

3^28 

29 

Total   Tropical    ... 

/73  01  +   12 

V  Pi  =-0010 

2  -8319  +  -0851 

^2 =3 -2912  ±  -4972 

3-88 

252 

East  Coast 

71 -53  ±38 

3-2583+  -2665 

4-56 

36 
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It  will  be  noticed  that  in  regard  to  the  distributions  of  Tropical 
Natives,  both  the  distributions  of  the  cranial  and  cephalic  indices  are, 
within  the  limits  of  the  probable  errors  normal,  and  conform  to  the 
observations  recorded  by  Miss  Fawcett,  who  wrote:  "  With  the  series 
of  skull  measurements  such  as  the  present,  which  are  long  for  the 
craniologist,  if  short  for  the  statistician,  we  shall  reach  for  most 
practical  purposes  adequate  graphical  representation  of  the  frequency 
by  using  the  normal  curve  of  deViation:  y=y^e~''^l^-^-' 

The  mean  cephalic  index  is,  among  Tropical  Natives,  1"36  units, 
and  for  East  Coast  Natives  1'18  units  greater  than  the  mean  cranial 
index.  The  constants  for  the  distribution  of  the  difference  of  the  two 
indices,  including  both  Tropical  and  East  Coast  Natives  in  the  series, 
are  as  follows  :  — 

Cephalic  Index  minus  Cranial  Index. 

Mean      =     1  2366  +  -0524 
(J  -     1  -3210  +  0371 


^1 

= 

•0193+  1412 

^2 

= 

3-2556+  -5000 

N 

= 

288 

Thus,  while  for  the  whole  series  of  measurements  the  cephalic 
index  is  greater  than  the  cranial  index,  this  is  not  necessarily  the  case 
when  individual  examples  are  dealt  with. 

Table  XVI.  shows  that  the  average  allowance  to  be  made  for  scalp 
thickness,  is  for  length,  for  Tropical  Natives  4 '5  m.m.,  and  for  East 
Coats  Natives  5 '16  m.m.,  and  for  breadth,  5 '58  and  4'94  respectively. 
These  values  are  considerably  smaller  than  those  obtained  by  direct 
measurement  of  scalp  thicknesses.  The  thicknesses  given  in  Table 
XIX.  were  obtained  by  placing  a  finely  graduated  rule  against  the 
freshly  cut  edge  of  the  scalp  and  reading  off  the  thickness.  By  this 
method  no  compression  was  exercised  which  it  was  difficult  to  avoid 
if  calipers  were  used ;  on  the  other  hand,  it  is  possible  a  certain  amount 
of  flattening  and  evertion  of  the  edges  took  place,  giving  a  reading 
rather  too  high.  When  using  calipers  to  the  head  a  considerable 
compression  of  the  scalp  ma}'  take  place,  and  this  may  account  for 
the  discrepancy  between  these  two  sets  of  measurements. 
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SCALP    MEASUKEMENTS. 

The  records  in  regard  to  thickness  of  scalp  for  Tropical  Natives 
have  been  tabulated  for  "  new-boys  "  and  "  mine-boys  "  in  order 
to  determine  whether  the  class  which  suffered  most  from  the  wasting 
diseases  had  thinner  scalps  than  the  new  arrivals.  It  will  be  observed 
that  in  the  group  "  mine-boys  "'  tlie  thickness  in  the  case  of  both 
measurements  is  less  than  that  in  the  other  groups,  and  also  that  the 
variability  is  greater.  The  number  in  the  latter  group  is  unfortunately 
ver}'  small,  nevertheless,  there  is  some  indication  that  wasting  diseases 
may  bring  about  a  small  reduction  in  scalp  thickness.  The  measure- 
ments were  taken  approximately  at  the  sites  where  the  calipers  would 
be  applied  when  measuring  head  length  and  breadth. 

TABLE    XIX. 

Thickness  of  Scalp. 

Tropical  Natives. 


"  New-hoys 

" 

"  Mine 

■boys." 

Temporal 

Frontal 

Temporal 

Frontal 

measurement. 

pins 

measurement. 

plus 

Two  sides 

Occipital 

Two  sides 

Occipital 

added  together. 

measurement. 

added  together. 

measurement. 

Mean 

7  -44  +  :05 

7  -71  ±  -05 

6  -76  ±  -27 

6  -91  ±  -32 

J 

1  -8986  ±  -0341 

1  -9543  +  -035 

2  -0452  +  -1877 

2  -4665  -1-  -2264 

C.   of 

V.           25-52 

25-35 

30  -25 

35  -69 

N. 

704 

704 

27 

27 

Mean  7-06+    13 

(J  1-9717+  -091/ 

C.   of  Y.  27-93 

N.  109 


Total  East  Coast  Natives. 

6-73+  -12        I 

1  -8128  ±  -0828    j 

26  -94  I 

109  I 


HEAKT   WEIGHTS. 

In  considering  the  question  of  heart  weights  among  the  Natives 
couiprised  in  our  returns,  an  important  point  arises  in  connection  with 
the  change  of  residence  which  these  "  boys  "  undergo  when  arriving 
on  the  Rand.  ^lany  of  them  come  from  coastal  and  low  lying  districts, 
and  are  rapidly  transferred  to  an  altitude  of  nearlj^  six  thousand  feet. 
It  is  usually  assumed  that  a  compensatory  hypertrophy  of  the  heart 
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takes  place  as  a  consequence ;  the  h^'pothesis  being,  that  owing  to  the 
decreased  amount  of  oxygen  per  volume  of  air,  more  work  must  be 
undertaken  by  the  heart.  That  this  is  so,  has  not,  we  consider,  been 
definitely  proved.  It  has  been  established  that  an  increase  in  the 
number  of  erythrocytes  occurs  when  an  individual  resides  at  an 
altitude,  and  that  the  viscosity  of  the  blood  is  thereby  increased;  but 
whether  this  increased  viscosity  is  compensated  for  by  the  greater 
oxygen  absorbing  efficiency  of  the  blood,  or  whether  there  is  still  a 
balance  of  excess  of  work  for  the  heart,  has  not  yet,  we  think,  been 
finally  settled.  If,  however,  when  living  at  an  altitude  the  heart  is 
called  upon  for  a  greater  amount  of  work  (after  acclimatisation  has 
taken  place)  then  it  would  seem  reasonable  to  suppose  that  the  normal 
heart  w^ould  show  signs  of  hypertrophy,  and  that  we  should  find  the 
average  weight  of  hearts  collected  from  post-mortem  records  of  people 
dying  after  a  period  of  residence  at  an  altitude,  \\'as  greater  than  among 
similar  records  from  a  coastal  community'. 

Assuming  the  hypothesis  that  residence  at  an  altitude  produces 
cardiac  hypertrophy  to  be  correct,  it  would  appear  reasonable  to  expect 
that  "  mine-boys  "  would  on  the  average  have  heavier  hearts  than 
new-boys,"  for  in  addition  to  the  fact  that  this  latter  class  have 
only  resided  on  the  Reef  for  a  few  days,  or  at  most  a  week  or  two 
before  death,  they  also  have  not  been  doing  the  hard  physical  work 
to  which  the  "  mine-boy  "  has  become  accustomed.  Reference  to 
Table  XX.  will  show  that  the  figures  recorded  here  do  not  support 
this  assumption.  Among  "  Tropical  Natives  "  the  "  mine-boy  "  has 
an  appreciably  lighter  heart  than  the  fresh  arrival,  while  among  East 
Coast  Natives,  in  this  respect,  there  is  no  apparent  difference  in  the 
two  classes.  The  "  mine-boys  "  in  both  groups.  Tropical  and  East 
Coast,  show  greater  variability  in  regard  to  heart  weight  than  the 
"  new- boys." 

It  cannot  be  assumed,  however,  that  this  observation  proves 
the  contention,  that  residence  at  an  altitude  is  associated  with 
hypertrophy  of  the  heart,  is  unfounded,  for  the  disease  causing  death 
is  a  factor  which  cannot  be  ignored.  There  are  other  possible  factors 
concerned ;  for  instance,  it  is  conceivable  that  natives  who  have 
abnormally  small  hearts,  or  who  have  not  the  power  to  produce  a 
compensatory  hypertrophy,  are  more  prone  to  develop  chronic  diseases  ; 
and  thus  an  undue  proportion  of  small  hearts  will  appear  in  the 
mortality  statistics  of  "mine-boys";  in  other  words,  there  is  a 
selective  death-rate  in  respect  to  the  undersized  heart.  It  has  been 
contended  that  the  tuberculous  subject  has  on  the  average  a  smaller 
heart  than  the  normal,  but  we  do  not  know  on  what  evidence  this 
statement  is  made.     Atheromatous  degeneration  of  the  arteries  is  very 
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rarely  seen  among  these  natives  :  and  we  are  informed  that  it  is  also 
uncommon  among  European  residents.'''  If  it  be  true  that  cardiac 
strain  is  a  factor  in  the  production  of  this  disease,  its  rarity  may  have 
some  interest  in  this  connection. 

The  constants  for  the  distribution  of  heart  weights  for  the  four 
classes  referred  to,  grouped  according  to  the  cause  of  death,  are  given 
in  the  table  below.  In  cases  where  the  heart  itself  was  obviously 
diseased,  that  is  where  pericarditis  or  endocarditis  was  present,  the 
weights  have  not  been  included  when  calculating  these  values  :  that  is 
to  say.  only  apparently  healthy  hearts  have  been  included. 

TABLE  XX. 

Heart  Weights. 

Tropical  Natives.     "  New-boys." 


Disease. 

Mean. 

ff 

C.  of  V. 

N. 

Intestinal 

237  -32  ±  3  19 

42-79  +  2-25 

18-03 

82 

Tuberculosis 

253  -08  +  7  -82 

59 -11 +  5 -.53 

23-36 

26 

Other    Diseases    (excluding 

Heart  Disease)      

256  -85  ±  3  -10 

51-21  +  2-19 

19-94 

124 

Hydro-nephrosis            

260  -58  ±  5  -23 

55 -91  ±3 -70 

21-46 

52 

Cerebro-spinal-meniugitis 

283  12  +  2  -40 

51  -96  +  1  -69 

18  -35 

214 

Pneumonia 

285  -44  +  2  -16 

56  -72  z:  1  -53 

19-87 

313 

Total        

273-04  +  1-33 

56-06  +  0  -94 

•20  -53 

811 

Tropica 

i.l  Natives. 

Minr-boys. " 

Tuberculosis 

•253  •40  +  8-84 

65  -51  ±  6  -25 

25  -85 

25 

Total        

2.52  -85  +  5  -22 

62  -38  ±  3  -69 

24-67 

65 

Total 


East  Coast  Native!^.     "New-boys." 
259-68  +  4-94  50-24 +  3 -.30 


19-35 


Tuberculosis 


East  Coast  Natives.     "Mine-boys." 
249 -34  ±4 -84  62-62  +  3-43 


Total 


260  00 +  4  01 


70 -83 +  2 -83 


25  11 


27-24 


76 
142 


*  Glaucoma,  another  disease  frequently  associated  with  high  arterial  tension,  is. 
we  are  informed  by  Dr.  Napier,  much  less  common  on  the  high  veld  than  ;>t  the 
coast. 
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In  the  following  table  the  heart  weights  recorded  by  Dr.  M. 
Greenwood  in  his  paper  on  Weights  of  Human  Viscera^^  are  given  ; 
ounces  have  been  converted  into  grams  for  the  convenience  of 
comparison . 

TABLE    XXT. 

General  Hospital  Population            ...             ...  ...  383-57 — 369-68 

Apparently  healthy  orphans                ...             ...  ...  318-94 — 312-98 

Cases  of  Pneumonia           ...             ...             ...  ...              354 

Cases  of  Valvula  Disease  and  Aortir  Aneurism  ...               541 

It  is  doubtful  how  far  these  figures  are  comparable  with  those  in 
Table  XX.  Greenwood  has  shown  that  there  is  a  sensible  correlation 
of  heart  weight  with  age,  and  it  is  probable  that  his  figures  were 
derived  from  cases  with  a  higher  average  age  at  death  than  ours. 
Nevertheless  the  figures  suggest  that  the  mean  heart  weight  of  the 
European  is  heavier  than  that  of  these  Natives.  Unfortunately  we 
have  not  been  able  to  obtain  records  of  heart  weights  of  Europeans 
dying  in  Johannesburg. 

The  distribution  of  heart  weights  is  apparently  slightly  skew  and 
leptoknrtic.  The  value  of  the  "  betas  "  for  the  group  "  Tropicals  " 
pneumonia,  and  "  All  Tropicals,"  is  as  under.  It  will  be  seen  that 
the  arithmetic  mean  is  a  fairly  close  approximation  to  the  modal  values 
of  the  distributions. 


Hearts  from  cases  of  ft  ft 

Pneumonia   Camong  Tropical  Natives) -1351  +  -0295  3 -4564  +  -1386 

.All    Tropical    Natives,    excluding    deaths    from 

heart  disease     -1676+  -0185  3-4136+  -0801 


SPLEEN  WEIGHTS. 

The  question  of  the  average  spleen  weights  of  residents  in  tropical 
and  malarial  regions  is  of  some  impoi-tance.  It  is  generally  believed 
that  inhabitants  of  these  districts  have  larger  spleens  than  residents 
in  non-malarious  countries.  The  splenic  enlargement  is  especially 
marked  in  children,  and  the  use  of  the  "  splenic  index  "  as  a  measure 
of  the  prevalence  of  malaria,  is  generally  assumed  to  be  practically  of 
little  value  unless  confined  to  children. 

Among  the  Natives  here  dealt  with  the  spleen  weight  is 
exceedingly  variable,  and  the  distribution  very  skew,  so  that  the  mean 
weight  does  not  approximate  to  the  modal  or  commonest  weight ;  and, 


G.  D.  Maynard  and  G.  A.  Turner 


153 


therefore,  if  used  in  the  sense  of  commonest  weight  will  be  quite 
misleading.  The  distribution  of  spleen  weights  cannot  be  fitted  by  a 
single  Pearson  curve.  For  "  Tropical  Natives  "  the  constants  lead  to  a 
J  shaped  curve  with  the  start  at  about  one  hundred  grams  ;  this  is 
clearly  an  incorrect  value,  and  the  unsatisfactoi'v  fit  is,  we  consider, 
due  to  the  heterogeneous  nature  of  the  material,  owing  to  racial 
factors  and  cause  of  death.  Dr.  Greenwood's  figures  show  similar 
irregularities,  but  not  to  the  same  extent.^'  For  purposes  of 
comparison  we  have  combined  two  of  his  tables  of  spleen  weights, 
namely,  358  cases,  ages  25-35.  and  536  with  ages  35-45.  The 
constants  of  these  894  spleen  weights  are:  Mean  196 "TS  grams, 
cr  =  101 -7323,  C.  of  V.  51  71,  ^,  =  16770,  3,  =  4  7421,  Mode  87  08.  In 
this  case,  judging  fi'om  the  crude  distribution,  we  might  expect  the 
modal  value  to  be  somewhere  in  the  neighbourhood  of  142  grams.  The 
variability  of  these  spleen  weights  is  about  ten  per  cent,  less  than  that 
obtained  from  our  returns. 

TABLE  XXII. 
Spleen  Weights. 
Tropical  Natives. 


District. 
^ro9ambique 
Quilimane     ... 
Nyassalaiid 
Tete 

Total  Tropical 


Mean . 
267  01+    4-63 
•235-21+    7-51 
29.5-72+    7-84 
332  -04  +  13  -85 


162-46+  3-27 

132 -eat  5-31 

139 -48  ±  5-54 

173  06+  9-80 


267-04+   3-50 


157-33+   2-48 


C.  of  V. 
60-84 
56  -39 
47  17 
52  -12 


58  -92 


N. 
560 
142 
144 

71 

917 


East  Coast  Natives. 


Inliambaiii' 

...     368-33  +  19-11 

268  -76  ±  13  -51 

72  -97 

M'chopi 

...     316 -86 +  16 -37 

159  19  +  11  OS 

50  -24 

r^azaland       

...     399 -61  ±20 -20 

237  -69  ±  14  -28 

59  -4^ 

Maputala  nd 

...     3-20 -84  +  20 -44 

105  00  ±  14  -46 

32-73 

Total  East  Coast   ... 

...     374-02  +  11-19 

239  15--    7-91 

(-.3  -94 

90 
43 
63 
12 

20.S 


It  will  be  noticed  that  the  mean  spleen  weight  of  Tropical  Natives 
is  considerably  higher  than  that  of  Europeans,  as  judged  by  Dr. 
(greenwood's  figures,  and  that  the  East  Coast  Native  has  a  still  higher 
average  weight.  We  are  unable  to  suggest  any  reason  for  the  fact  that 
the  East  Coast  figures  show  an  increase  in  weight  of  forty-three  per 
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cent,  over  that  obtained  from  the  Tropical  Natives.  The  spleen  weight 
from  cases  of  tuberculosis  is  apparently  higher  than  that  obtained  when 
other  diseases  were  the  cause  of  death,  and  there  is  a  greater  percentage 
of  deaths  from  this  cause  among  East  Coast  Natives,  but  the  following 
table  shows  that  the  spleen  weight  of  tuberculous  East  Coast  eases  is 
thirty  per  cent,  heavier  than  that  of  Tropical  Natives  dying  from  the 
same  disease,  and  a  similar  difference  exists  for  other  medical  diseases. 
The  value  of  the  "  betas  "  for  the  group  "  All  Ti'opical  Natives  " 
are.  3,  =8-9347,  p^,  =  8-6664. 

TABLE   XXIII. 

Spleen  v)eif]ht  in  respect  to  cause  nf  death. 
Tropical  Natives. 


Disease. 

Mean. 

ff 

C.  of  V. 

N. 

Tuberculosis             

318  -44  ±  16  -99 

196 

■76  +  12  02 

61-79 

61 

Pneumonia               

280-48+    .5 -37 

148  -33  + 

3-80 

53  -88 

347 

Cerebro-spinal-meninfritis. . . 

266-28+    6 -.55 

141 

•45  + 

4-63 

53  -12 

212 

Other  medical  causes 

251-03+    7-28 

1.59 

-72  + 

5-15 

64-58 

219 

Intestinal  diseases 

,     204-87+   8-72 

113  -47  ± 

6-17 

55-39 

77 

East  Coast  Natives 

Tuberculosis            

.     410  -72  +  18  -07 

274 

-.53  +  12-78 

66-84 

105 

Other  medical  causes 

.     322  -58  ±  12  -89 

193  -89  + 

9  11 

60-11 

103 

LTVEE   WEIGHTS. 

The  native  from  Portuguese  territory  is  very  constantly  infected 
with  bilharziosis,  and  it  is  not  uncommon  to  find  the  embryos  of  the 
schistosomimi  hsematobium  in  the  liver  on  post-mortem  examination. 
It  appeared  possible  that  the  presence  of  this  parasite  might  have  some 
effect  in  increasing  the  weight  of  this  organ,  as  it  has  been  stated  that 
pathological  changes  accompany  their  presence  in  the  liver.  To 
determine  whether  an  increase  of  weight  was  associated  with  its 
presence,  five  hundred  and  seventy-nine  liver  weights  of  Tropical 
Natives  were  classified  according  to  whether  the  parasite  had  been 
observed  or  not.  with  the  following  result. 

TABLE   XXTV. 

Jjiver  veights  in  relation  to  hilliarziosis. 
Tropical  Natives. 


Mean. 

7 

C.  of  V. 

N. 

Emhrvo.s    present    ... 

...     14.38 -16 +  10 -.34 

267  -40  +  7  -31 

18  -59 

304 

Embryos  not  found 

...     1395-45  +  10-46 

257  -27  +  7  -40 

18  -44 

27.5 

G.  D.  Maynard  and  G.  A.  Turner 


155 


It  will  be  seen  that  while  the  livers  in  which  embryos  have  been 
found  were  rather  heavier  than  the  others,  the  difference  can 
hardly  be  considered  significant,  and  it  seems  unlikely  that  the 
frequency  of  this  disease  will  materially  affect  the  average  liver  weights 
in  these  groups. 

TABLE    XXV. 
Liver  Weicihts. 


Territory. 

Mean. 
Tropical  Xativcs. 

a 

C.  of  V. 

K. 

Mocambique  and  Nyassaland 

...     1417 -est    7-36 

262 -74+   5-21 

18-53 

579 

Quilimane 

...     1480 -37  ±18 -59 

320  -25  ±  13  -15 

21-63 

135 

Tete             .-. 

...     1535 -42  ±  31 -18 

257 -38  ±22 -05 

17-94 

48 

Total  Tr(^ical      

...     1437-50+   6-84 

277 -92  ±   4-83 

19-33 

752 

East  Coast  Natives. 

Gazaland               

...     1.550 -00  +  28 -68 

272  -30  ±  20  -28 

17  -57 

41 

M'chopi  and  Inhambane 

...     1530 -65  ±20 -75 

296  -67  ±  14  -67 

19-38 

93 

Total  East  Coast 

...     1532 -52  ±  16 -23 

287  -82  ±  11  -48 

18-78 

134 

The  other  constants  for  the  distribution  of  Total  Tropical  weights 
are,  Mode  1357 -23,  ^^   -5044  ±   ir^Hl.  ^^  4 -1678  ±  -6224. 

KIDNEY  WEIGHTS. 

Hydronephrosis  of  the  kidney  is  not  an  uncommon  condition  of 
the  Tropical  and  East  Coast  Native.  This  is  due  to  the  thickening 
and  occlusion  of  the  ureter  due  to  bilharziosis.  Such  kidneys  have 
been  omitted  from  the  table  of  weights  given  below. 

TABLE   XXVI. 

Kiducij  Weights. 


Tropical  Natives 
East  Coast  Natives 


All   Natives 


Mean. 
267  -50  ±  1  -29 
279  -90  ±  2  -92 


269  -60  ±  1  -16 


58  -37  ±  0  -91 

59  -93  ±  2  -07 


57  -48  ±  0  -82 


C.  of  V.  N. 

21  -82  9.36 

21  -41  191 


21-32 


112'i 


Mode  249-24,  ^^  1-462  ±3838,  ^,  5  ^8502  ±  2 -3708. 
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INTESTINAL   MEASUREMENTS. 


TABLE   XXVII. 
Small  Intestine. 


Mean. 

(T 

C.  of  V. 

N. 

Tropical   Natives 

...     736-28    ±2-76 

109  -16  ±  1  -95 

14-83 

713 

East  Coast  Natives  ... 

...     678-93   ±8-20 

128 -13  ±5 -80 

18-87 

111 

Large  Intestine. 

Tropical   Natives 

...     162-93    ±0-62 

25  -00  ±  0  -44 

15-34 

734 

East  Coast  Natives  ... 

...     159-18    +1-88 

29 -05  ±1-33 

18-25 

109 

Appendix. 

Tropical  Natives 

...       11-54    ±0-06 

2  -47  ±0-04 

21-40 

734 

East  Coast  Natives  ... 

...       11-74    ±0-18 

2  -75  ±  0  -13 

23-42 

105 
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PIANTICATION  AND  AN  API  ANTIC  ATION. 

By 

A.  E.  FETEL,  M.T).,  F.E.C.8.T. 

In  "  The  Medical  Journal  of  South  Africa  '"  for  March  and 
June,  1914,  I  have  recorded  the  results  of  some  experiments  with 
Friedlander's  Pneumo-bacterium  and  have  described  a  process  by 
which  the  serological  characters  of  the  living  organism  may  be  altered. 
The  particular  process  by  which  the  strain  of  living  organism  is 
modified  I  termed  a  "  piantication  '"*  of  the  germ. 

The  aim  of  the  present  paper  is  to  describe  in  greater  detail  the 
process  of  piantication,  to  emphasise  the  fact  that  the  change  produced 
in  bacteria  which  have  been  repeatedly  submitted  to  the  action  of 
immune  serum  is  cumulative  and  transmissible,  in  a  marked  degree, 
to  the  immediate  descendants  of  the  treated  bacteria,  and  to  indicate 
very  briefly  the  practical  bearings  of  the  phenomenon. 

Special  terms  are  used  to  denote  the  changed  character  of  the 
descendants  of  the  treated  bacteria — thus  the  descendants  of  those 
treated  by  immime  serum  are  called  "  Pianticated  "  bacteria,  whilst 
the  descendants  of  those  submitted  to  the  action  of  normal  serum  are 
called  "  Anapianticated  "  bacteria.  The  word  "  l^antication  "  (or 
"  Anapiantication  ")  is  used  to  denote  both  the  process  and  its  effect, 
the  effect  being,  as  stated  above,  the  production  of  a  strain  of  bacteria 
differing  in  certain  definite  activities  from  the  original  strain. 

These  newly-acquired  characters  may  be  summed  up  by  saying 
that  the  pianticated  bacteria  are  rendered  more  susceptible  to  the 
action  of  normal  serum,  while  the  anapianticated  bacteria  are  rendered 
less  so.  There  is  no  noticeable  change  produced  in  the  microscopic 
appearance  of  the  bacteria  or  in  the  character  of  the  growth. 

The  only  organisms  which  have  so  far  ])een  submitted  to  the 
process  are  the  Friedlander  Pneiunobacterium,  a  member  of  tlie 
Pasteiu'ella  group,  and  the  Pneumococcus.  In  all  of  these  piantication 
was  successfully  achieved.! 

An  immune  serum  for  the  Friedlander  bacterium  was  readily 
obtained  by  injecting  into  the  vein  of  a  rabbit  a  living  culture  isolated 
from  a  case  of  ozaena  ;  greater  difficulty  was,  however,  experienced  in 
preparing  an  imimme  serum  for  the  member  of  the  Pasteurella  grou]), 

"  TTtuiVetv  =  to  fatten  for  slaughter. 

fWhilst  this  paper  has  been  in  the  hands  of  the  printoi-  the  antlior.  with  the 
eo-operation  of  Dr.  F.  S.  Lister,  has  seonred  a  satisfiK^tory  piantication  of  the  Bacillus 
pestis  and  a  Bacilhis  coli  commiiuis. 
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as  this  bacterium  when  freshly  isolated  from  the  nasal  cavity  of  a 
patient,  the  subject  of  ethmoiditis,  proved  to  be  very  virulent  to  the 
rabbit,  killing  an  animal  in  a  few  hours  when  injected  into  its  vein. 
Success  was,  however,  ultimately  obtained  hy  using  minimal  doses 
very  gradually  increased.  .\n  immune  serum  for  the  Pneumococcus 
was  also  obtained  by  injecting  rabbits  intravenously  with  living 
cultures  of  a  Pneumococcus  belonging  to  Dr.  F.  S.  Lister's  variety 
"  C."  {vid.  "  Serological  Reactions  with  Pneumococci,"  S.A.I.M.R., 
Dec.  22,  1913.)  The  process  took  time  and  one  had  to  proceed  with 
caution  to  avoid  killing  the  animal. 

When  the  animals  had  been  under  treatment  for  some  time 
their  sera  acquired  the  power  of  agglutinating  and  opsonising  the 
sti'ain  with  which  they  had  been  injected.  In  this  peculiarity  the 
serum  now  stood  in  marked  contrast  both  to  the  normal  serum  *  of 
the  same  animals  and  also  to  the  author's  serum. 

The  results  given  in  the  following  table  of  opsonic  observations 
exemplify  this  contrast.  The  numbers  refer  to  the  number  of 
leucocytes  scrutinised  and  to  the  number  of  bacteria  which  they  were 
found  to  contain.  In  the  one  case  normal  serum  and  in  the  other 
immune  serum  was  employed  for  the  opsonic  test.  The  technique 
employed  was  that  of  Sir  A.  E.  Wright. 

TABLE    I. 


(a)  Normal  Scrum. 


(h)  Immune   Serum.. 


50    Tjencocytes 


Friedldnder. 


1  bact.     No  agglutination. 
1  bact.  do. 


53  bact.     Marked  agglutina- 
tion. 
80  bact.      Agglutination. 


25   Leucoevtes   . . . 


Pasieurella. 

8  bact.     No  agglutination. 
6  bact.  do. 

Pneumococcus. 


Cells   crowded.        Agglutitia- 

f  ion . 
61  bact.     Agglutination. 


25   Lcucoc5'te8    . . . 
25 


o  liact.     No  agglutination. 


0  bact. 


do. 


18  bact.  Good  agglutination. 
37  bact.  Good  agglutination. 


*Experience  showed  that  there  was  very  little  difference  in  results  whether 
normal  ra))bit  serum  or  normal  human  serum  was  used.  By  "  normal  serum  "  in 
the  tables,  however,  I  do  not  imply  the  serum  of  an  untreated  rabbit  but  my  own 
serum.  This  definition  applies  throughout  .all  the  observations  here  recorded,  unless 
otherwise  stated. 
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Having  obtained  an  immune  serum  the  next  step  is  to  treat  the 
bacterium  with  it;  before  this  is  done,  however,  a  certain  precaution 
is  necessary. 

It  is  usually  conceded  that  in  an  immune  serum,  or  in  a  so-called 
"  normal  "  serum  for  that  matter,  there  are  two  agencies,  properties, 
or  bodies,  one  called  "  complement  "  and  the  other  called  "  immune 
body."  An  immune  serum  differs  essentially  from  normal  serum  in 
the  fact  that  the  immune  body  it  contains  is  much  more  energetic  than 
that  of  normal  serum.  The  immune  body  acts  on  the  bacterium  and 
renders  it  a  prey  to  the  complement.  The  immune  body  alone  cannot 
cause  disintegration  of  the  bacterium,  nor  can  the  complement  alone, 
but  when  the  immune  body  has  first  acted  on  the  bacterium  the  process 
of  disintegration  or  dissolution  can  then  be  brought  about  b^^  adding 
complement.  Immune  body  and  complement  can  be  readily  separated 
in  action  by  the  aid  of  heat,  for  complement  is  destroyed  by  heating 
to  56°  C.  for  half  an  hour,  while  immune  body  is  not.  As  in  these 
experiments  on  piantication  it  is  of  paramount  importance  that  the 
bacteria  should  not  be  disintegrated  or  killed  it  is  therefore  necessary 
to  destroy  the  complement  by  heating  the  immune  serum  to  56°  for 
half  an  hour  before  allowing  it  to  act  on  the  bacteria. 

When  the  immune  serum  and  bacteria  are  mixed  together 
agglutination  of  the  bacteria  into  one  or  more  clumps  takes  place. 
After  a  varying  period  of  contact  the  agglutinated  organisms  are 
removed  from  the  serum,  washed  in  a  tube  of  sterile  normal  saline 
solution  and  then  planted  on  a  sloped  tube  of  solid  culture  media  and 
incubated  at  37°.  A  good  growth  has  usually  taken  place  by  the 
following  day  and  with  this  new  growth  the  entire  process  is  repeated 
as  often  as  is  necessary  to  secure  a  satisfactory  degree  of  piantication. 
The  original  untreated  culture  is  subcultured  daily  to  act  as  a  control. 

The  time  during  which  the  bacteria  and  immune  serum  are  kept 
in  contact  has  varied  in  my  experiments  from  1|  to  24  hours. 

The  temperature  at  which  the  mixture  is  allowed  to  stand 
should  be  below  that  at  which  the  bacteria  grow  readily ;  ' '  room 
temperature  "  is  that  at  which  the  mixtures  have  usually  been  kept  in 
my  experiments. 

The  quantity  of  serum  which  must  be  used  is  large  relatively 
to  the  number  of  bacteria. 

The  number  of  occasions  on  which  the  organism  must  be  exposed 
to  immune  serum  before  a  satisfactory  degree  of  piantication  is 
achieved  varies  greatly.  With  Friedlander's  bacterium  the  change  has 
been  speedily  produced  on  two  or  three  occasions,  but  with  the 
Pasteurella  and  the  Pneumococcus  numerous  exposures  were  found  to 
be  necessary. 
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Agglutination  and  opsonic  tests,  using  normal  serum,  were 
made  with  the  growth  from  time  to  time  to  detect  and  measure  the 
changes  which  the  descendants  of  the  treated  bacteria  were  under- 
going. 

In  Table  II.  is  recorded  the  progress  of  the  piantication  of  the 
three  strains  of  organisms.  Although  the  table  is  an  actual  record  of 
consecutive  observations  it  should  not  be  supposed  that  exactly 
similar  results  would  necessarily  be  obtained  by  a  repetition,  nor  that 
the  process  of  piantication  would  necessarily  be  as  readily  caiTied  out. 
The  table  does  not  record,  for  instance,  fourteen  exposures  of  the 
Pneumococcus  to  immune  serum  (for  about  four  hours  daily)  between 
November  24tli  and  Decemlier  9th.  No  ])iantication  effects  followed 
any  of  these  exposures,  a  fact  which  was  thought  to  be  due  to  feeble- 
ness of  the  immune  serum  used. 

TABLE  II. 
Showixg  Progress  of  Piantication. 


Untreated  Strain. 

Treated  Strain. 

(Subcultured  daily) . 

1 
Date  of  Treatment, 

Duration  of  Contact 

Opsonic  Test 

Opsonic  Test 

Test,  and 

with 

with  Normal  Serum. 

with  Normal  Serum. 

Subcultui'e. 

Immune  Sei-nm. 

Bacteria.       Cells. 

Bacteria.       Cells. 

FiirdUindcr's  Pncumobacterhr 

n.     (From  a  case 

of  Ozcena.y^' 

Marcli      27     ... 

4   hours. 

17       in        50 

28     ... 

5       „ 

y      in       30 

30     ... 

5       ., 

1)2       .,         50 

6       „        50 

Paste urclla.     {From  a 

case  of  Ethini)idt 

ih.) 

Dec.      22     ... 

5  hours. 

9      in        50 

11       in        50 

23     ... 

12       „ 

3       ..        25 

3       ,,        25 

24     ... 

12       „ 

4       ..        25 

5       „        25 

2R     ... 

I       .,        25 

3       ,,        25 

29     ... 

1       „        25 

1       „        26 

30     ... 

4       ..        25 

5       „        25 

31     ... 

3       ..         25 

8       ,.        25 

.Jan.        2     ... 

]4       .,         25 

5       „        25 

4     ... 

4       ,, 

7       ..         25 

5       „        25 

5     ... 

2       ,, 

U       ..         25 

8       ,,        25 

8     ... 

3       .. 

5       ..         25 

1       .,        25 

'.)     ... 

24       ,. 

3       ,.         25 

4       .,        25 

11     ... 

7       ..        25 

1       „        25 

12     ... 

G       ,,        25 

1       ,.        25 

13     ... 

4       ,,        25 

i          3       .,        25 

14     ... 

5       „ 

33       „        25 

3       „        25 

15     ... 

6       „ 

84       ,,        10 

5       ,,        25 

16     ... 

6       ,, 

122       ,,        25 

1          5       „        25 
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Treated  Strain. 


Untreated  Strain. 
(Subcultiured  daily) 


Date  of  Treatment, 
Test,  and 
Subculture. 


Duration  of  Contact 

with 

Immune  Serum. 


Opsonic  Test 
with  Normal  Serum. 

Bacteria.       Cells. 


Opsonic  Test 
with  Normal  Serum. 

Bacteria.       Cells. 


Jan.      18     ... 

24  hours. 

43      in         5 

1      in       25 

19     ... 

5       „ 

109 

25 

2       , 

25 

20     ... 

5       „ 

83 

25 

1       , 

25 

21     ... 

4       ,, 

142 

25 

6       , 

25 

22     ... 

4       ,, 

96 

50 

5       , 

25 

23     ... 

4       „ 

55 

10 

3       , 

25 

25     ... 

24       „ 

42 

10 

3       , 

25 

26     ... 

7i     „ 

33 

5 

4       , 

25 

27     ... 

7       „ 

35 

5 

3       , 

25 

Pnciunncoccus.     (Dr.  F.  S.  Lister's   Variety  "  C") 

Cocci.         Cells. 

Cocci. 

Cells. 

J)(r. 

w    ... 

3 — 5  hours. 

2       in        25 

0       in 

25 

10    ... 

I.    ..     .. 

15       ,,         25 

5       „ 

25 

11    ... 

12       ,,        25 

12    ... 

11       „        25 

1       „ 

25 

13    ... 

"24"     " 

14    ... 

5       ,, 

58       „        25 

0       ., 

25 

15     ... 

17       ,,        25 

16     ... 

24       „ 

17     ... 

33       ,,        25 

5       ,, 

25 

18     ... 

24       „ 

19     ... 

15       ,,        25 

0       „ 

25 

20     ... 

24       ,, 

21     ... 

24       ,, 

35       „        25 

4       „ 

25 

22     ... 

12   hours. 

35       „        26 

2       „ 

26 

23     ... 

24       „ 

27       „        10 

24     ... 

68       „        25 

27     ... 

24       „ 

Dec. 

28     ... 

12       „ 

103      in       25 

1       in 

25 

29     ... 

10       ,, 

72       „        25 

3       „ 

25 

30     ... 

10       ,, 

60       „        25 

1 

25 

31     ... 

42       „          5 

Jan. 

2     ... 

187       „        25 

6       ,. 

25 

*This  organism  was  the  first  to  be  submitted    to  investigation    and    the  desir- 
ability of  keeping  fuller  records  of  observations  was  not  appreciated  at  the  time. 

It  is  to  be  noted  that  the  opsonic  tests  recorded  in  this  table 
were  made  with  normal  serum  only.  The  organisms  which  were 
previously  almost  entirely  resistant  to  phagocytosis,  using  normal 
serum  (cf.  also  Table  I.),  were  finally  readily  phagocyted.  It  is  also 
to  be  noted  that  the  normal  serum  is  occasionalh"  able  to  agglutinate 
the  culture.  These  facts  indicated  that  the  strain  of  organism  had 
now  definitely  changed  its  serological  characters,  and  this  change  may 
be  briefly  described  by  saying  that  the  organism  had  become 
"  pianticated." 
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It  seems  probable  that  the  changes  due  to  piantication  are 
transmitted  through,  at  all  events,  two  subcultures  of  the  micro- 
organism. The  following  observations  showed  that  the  first  sub- 
culture from  the  pianticated  Pasteurella  was  as  active  as  its 
immediate  parent  and  that  the  piantication  characters  were  still 
present,  in  a  high  degree,  in  the  second  subculture. 


Leucocytes. 

Bacteria. 

5 

37 

5 

40 

5 

28 

25 

11 

25 

4 

Pianticated    Pasteurella 
Lst    Subculture.     (24  hours) 

2nd  „  

3rd  „  

4th  „  

If  opsonic  tests  such  as  are  recorded  in  Table  II.,  and  agglu- 
tination tests,  be  made,  substituting  immune  serum  for  normal  serum, 
another  striking  phenomenon  becomes  apparent,  namely,  the  immune 
serum  has  now,  as  a  rule,  less  effect  on  the  pianticated  strain  than  on 
the  original  strain.  It  is  frequently  found  that  the  immune  serum  does 
not  agglutinate  the  pianticated  strain,  or  only  slightly,  and  further, 
tliat  it  may  not  opsonise  it  so  well  as  it  does  the  original  strain.  The 
following  results  were  obtained    with    Friedlander's    bacterium    and 

immune  serum:  — 

Original  Friedlander.     Pianticated  Priedlander. 

25  Leucocytes.  80  Bacilli.  26  Bacilli. 

The  practical  application  of  the  process  of  piantication  is 
obviously  in  the  domain  of  vaccine  therapy.  The  bacterial  vaccines 
now  most  generally  used  consist  of  killed  organisms,  and  the  potency 
of  the  vaccine  is  regulated  solely  by  varying  the  number  of  bacterial 
bodies  injected.  Vaccination  with  living  organisms  probably  produces 
a  more  lasting  immunity  than  when  killed  organisms  are  used,  and 
the  fundamental  objection  to  their  use  has  been  to  a  large  extent 
overcome  by  Prof.  Besredka's  discovery  of  sensitised  vaccines.  The 
essential  feature  of  Professor  Besredka's  discovery  is  the  reduction  of 
the  virulence  of  the  organism  owing  to  the  treatment  it  has  received. 
Piantication  is  an  extension  of  our  knowledge  in  this  particular 
direction. 

Piantication  may  be  provisionally  described  as  a  sensitisation 
accumulating  through  many  generations  of  the  culture.  It  enables  us 
to  produce  vaccines  which  are  graduated  as  regards  their  virulence. 

The  quantity  of  any  particular  Besredka  vaccine  which  can  be 
produced  depends  mainly  upon  the  quantity  of  immune  serum  which 
is  available.  When,  however,  a  strain  of  organism  laas  been  i)ianti- 
cated  the  amount  of  vaccine  which  may  be  obtained  from  it  is  limited 
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only  by  our  facilities  for  cultivating  the  organism  in  bulk.  About  one- 
third  of  an  agar  slope  of  the  piantieated  Pasteurella  was  emulsified  in 
saline  and  used  to  inoculate  ten  large  agar  bottle  cultures.  The 
amount  of  culture  obtained  in  twenty-four  hours  was  estimated  to  be 
three  hundred  times  the  original.  The  growth  in  each  of  the  bottles 
was  submitted  to  opsonic  test  and  in  all  cases  was  found  to  be  even 
more  actively  piantieated  than  the  original. 

It  is  probable  that  the  effects  following  the  injection  of  living 
piantieated  organisms  are  of  the  same  nature  as  those  following  the 
use  of  living  sensitised  vaccines.  Mice  which  have  received  sub- 
cutaneous doses  of  piantieated  Pneumococci  have  survived  whilst 
similar  doses  of  the  same  organism  in  an  unpianticated  state  have 
proved  fatal  to  the  control  animals.  That  the  piantieated  injections 
are  antigenic  and  lead  to  the  development  of  antibacterial  properties 
is  shown  by  the  following  table  of  observations:  — 

TABLE  III. 
Rabbit  {1162  kilos)  treated  intravcnoit>ihj  with   Jiving, 
piantieated  Friedldnder. 


Date. 

Injections. 

Opsonic  Tests. 

April     10     ... 

0 

bact.     in    25    cells. 

,,       14     ... 

12 J  million. 

,,       20     ... 

4 

,,         ,,         ,,         ,, 

,,       20     ... 

20     million. 

,.       24     ... 

11 

M                      »»                      1»                      »» 

„       29     ... 

67 

Slight  agglutination. 

In  addition  to  these  possible  practical  applications  the  process 

of  piantication  is  of  some  academic  interest  in  that  it  affords  a  means 
of  temporarily  changing  the  characteristics  of  at  least  some  bacteria  in 
a  certain  direction,  namely,  their  resistance  to  phagocytosis  and 
agglutination,  and  this  is  accomplished  without  interference  with  their 
vegetative  powers. 

To  effect  piantication  a  very  energetically  immune  serum  must 
be  employed;  a  weak  serum  is  useless,  in  fact  prejudicial  to  the  object 
in  view.  This  peculiarity  invites  a  parallel  which  is  suggestive: — 
There  is  a  general  law  regarding  the  action  of  narcotic  drugs  that  a 
small  dose  stimulates  whilst  a  large  dose  paralyses  the  nerve  cells.  If 
an  immune  serum  be  considered  to  act  as  a  "  paralyser  "  of  the 
bacterium  a  normal  serum  might,  by  analogy,  be  considered  to  act  as 
a  stimulant.  All  stimuli  ai*e  irritants,  or  in  other  words  immediately 
injurious,  in  that  they  lead  to  the  disintegration  of  protoplasm. 
Although  the  immediate  effects  of  a  stimulus  may  be  injurious  the 
remote  effect  may  be  beneficial,  for,  in  accordance  with  Weigert's  law 
of  "  Over  production  as  a  result  of  Injury,"  the  products  of  re-action 


166 


Piantication  and  A  nwpianti cation 


in  response  to  a  moderate  stimulus  are  greater  than  the  immediate 
destruction.  This  principle  may  possibly  be  applied  to  explain  why  a 
bacterium  is  increased  in  virulence  by  inoculating  it  into  a  susceptible 
animal;  the  feebly  immune  property  of  the  animal's  serum  acts  as  a 
stimulant  to  the  virulence  of  the  organism.  The  experiment  to  be 
now  detailed  seems  to  support  such  an  explanation. 

It  is  a  well-known  fact  that  by  repeated  sub-cultivation  on 
artificial  media  a  pathogenic  organism  usually  loses  its  virulence,  and 
that  an  organism  which  originally  resisted  phagocytosis  may  become 
readily  phagocytable.  The  Pasteurella  and  Friedlander  organisms 
already  referred  to,  after  repeated  subcultivation,  became  opsonisable 
by  normal  serum.  Normal  serum,  in  the  light  of  what  has  been  said 
above,  may  be  regarded  as  a  weak  stimulus  to  the  bacterium.  An 
emulsion  of  the  phagocytable  Pasteurella  was  therefore  mixed  with 
normal  serum,  left  in  contact  for  three  or  four  hoin-s,  and  then 
planted ;  on  the  following  day  the  growth  was  tested  and  these  results 
were  obtained: — 


Leucocytes. 


Tested  with  Author's  V 
own  serum    ( 

Tested  with  serum  of  \ 
rabbits  in  process  of  [ 
immunisation*         ...    | 


25 


Original 
Strain. 


Anapianticated 
Strain. 


19  Bacteria. 

0  Bacteria 

45 

2 

58 

19 

49 

0 

49 

3 

60 

8 

*It  was  definitely  ascertained  that  these  sera  had  not  developed  immune 
properties  to  any  extent. 

These  results  seem  to  show  that  exposure  to  normal  serum 
restores  to  an  organism  the  power  to  resist  phagocytosis  when  this  has 
become  lost  by  prolonged  subcultivation. 

If  the  process  by  which  a  resistant  strain,  when  treated  with 
immune  serum,  is  rendered  more  phagocytable  be  called  "  piantica- 
tion," that  of  treating  a  bacterium  which  is  losing  its  power  of 
resisting  phagocytosis  owing  to  repeated  subcultivation,  and  rendering 
it  again  less  phagocytable,   may  be  called  "  anapiantication. " 

In  conclusion,  it  is  apparent  that  we  are  now  in  possession  of  a 
means  of  controlling  the  virulence  of  certain  pathogenic  bacteria.  It 
is  possible  that  a  large  number  of  the  pathogenic  micro-organisms  will 
be  found  to  be  amenable  to  the  process.  The  observation  may  open  up 
new  fields  in  vaccine  treatment,  both  preventive  and  curative,  and  also 
appears  to  be  of  academic  interest. 

Miss  Michaelis  has  assisted  me  in  the  laboratory  and  I  also 
wish  to  acknowledge  the  help  which  T  have  received  from  the 
criticisms  of  I)rs.  M.  Blieden  and  F.  S.  Lister,  and  the  assistance  of 
tlui  Director  of  the  Institute,  Dr.  W.  Watkins-Pitchford. 

JOHANNKSBURG, 

Januarij  26th,  1915. 
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THE  TRYPANOSOMES  OF  SLEEPING  SICKNESS ; 
BEING  A  STUDY  OF  THE  GROUNDS  FOR 
THE  ALLEGED  IDENTITY  OF  T.  BRUCEI 
WITH  THOSE  CAUSING  DISEASE  IN  MAN 
IN  NYAS ALAND. 

By    G.    D.    MAYNAED,    F.E.C.S.,  E. 

The  recent  report,  No.  XVI.,  of  the  Sleeping  Sickness  Commission 
of  the  Royal  Society  is  of  great  interest  and  importance  to  all  African 
Governments,  and  neither  the  conclusions  arrived  at  nor  the 
recommendations  made  can  be  lightly  ignored  by  those  interested  in 
the  welfare  of  this  Continent.  In  order  to  indicate  the  nature  of  the 
recommendations  a  few  extracts  will  be  quoted.  It  will  be  noted  that 
the  proposals  made  are  of  such  importance  to  the  inhabitants  of  this 
country  that  gi-eat  caution  should  be  observed  before  they  are 
seriously  entertained,  and  that  the  evidence  on  which  they  are  based 
calls  for  most  careful  scrutiny.  It  is  no  doubt  comparatively  simple  to 
propose  remedies  which  entail  the  adoption  of  measures  of  far-reaching 
economic  and  political  importance,  but  the  inhabitants  of  the  country 
who  will  inevitably  reap  the  aftermath,  if  such  proposals  are  put  into 
practice,  will  doubtless  demand  some  unanimity  of  expert  opinion, 
and  a  reasonable  probability  of  success,  before  they  decide  to  carry 
out  such  recommendations. 

The  Commission,  having  satisfied  itself  that  the  Sleeping  Sickness 
of  Nyasaland  and  Rhodesia  is  caused  by  a  trypanosome  which,  it 
states,  is  common  in  all  "  fly-country  "  and  is  spread  from  wild 
animals  to  man,  recommends  "  that  efforts  should  be  made  to 
diminish,  as  far  as  possible,  the  number  of  wild  animals  in  fly-areas. 
Every  wild  animal  destroyed  or  driven  out  is  one  less  source  or  centre 
of  infection."  .  .  .  "  As  to  the  means  of  bringing  about  this 
diminution  of  wild  game  in  fly-areas,  the  Commission  is  aware  of  the 
great  difficulties  lying  in  the  way.  It  is  not  practicable  to  arm  the 
natives  to  any  extent  with  arms  of  precision.  .  .  .  The  natives 
should  be  allowed  to  pursue  any  of  the  ordinary  wild  animals  without 
let  or  hindrance.  They  might  use  their  own  methods,  such  as 
game-pits  or  traps,  and  they  should  be  permitted  to  use  a  certain 
number  of  useful  guns."     (Report,  p.  6.) 
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Let  us  consider  for  a  moment  the  effect  of  this  recommendation. 
If  the  Commission  is  in  error  in  supposing  all  game  in  Glossina 
morsitans  areas  to  be  a  danger  to  human  beings,  and  if  it  is  only  in 
certain  districts  that  the  game  are  the  carriers  of  a  trypanosome 
harmful  to  man,  then  the  effect  of  this  proposal  would  probably  be  to 
drive  the  dangerously  infected  game  into  zones  which  are  at  present 
uninfected.  As  that  well-known  sportsman,  D.  D.  Lyall,  writes — in 
"  Wild  Life  in  Central  Africa  " — "  The  extermination  of  game  in  a 
short  space  of  time  is  absolutely  impossible  in  such  countries  as 
Nyasaland  and  Northern  Rhodesia,  for  these  are  heavily  bushed  and 
grassed  regions,  and  game,  when  much  molested,  simply  moves  on 
until  it  discovers  a  locality  where  it  is  safe  from  molestation."  For 
this  recommendation  to  be  valid  two  suppositions  must  be  confirmed, 
namely: — (a)  that  wild  game  in  all  districts  where  G.  morsitans  is 
found  are  carriers  of  the  trj^panosome  causing  human  trypanosomiasis, 
and  (6)  that  if  the  game  is  eliminated  the  smaller  animals  will  not 
act  as  carriers.  Clearly  if  these  premises  are  not  correct  the  proposal 
may  do  much  harm,  and  its  adoption  may  even  assist  in  spreading 
the  disease. 

It  is  proposed,  then,  that  attempts  should  be  made  to  destroy  all 
game  in  fly-areas,  whether  such  areas  are  or  are  not  known  to  be 
Sleeping  Sickness  districts.  A  glance  at  a  map,  such  as  that  in  E.  E. 
Austin's  "  Handbook  of  the  Tsetse-Flies,"  will  show  what  this 
proposal  involves,  namely,  the  denudation  of  the  Continent  of  game 
over  an  extensive  area  south  of  latitude  15°  N.  ;  that  is,  from  the 
Senegal  River  on  the  west,  through  Lake  Chad  and  north  of  the  Lado, 
to  the  northern  border  of  British  East  Africa,  and  on  the  south  from 
the  Cunene  River  on  the  west,  through  Lake  Ngami,  along  the 
Limpopo,  Eastern  Transvaal,  to  Zululand  on  the  east.  Such  then, 
roughly,  is  the  area  affected  by  this  proposal.  The  enormous  economic 
importance  of  such  a  recommendation  will  be  obvious  to  all  who  know 
anything  of  the  life  and  habits  of  the  millions  of  natives  inhabiting 
these  districts. 

The  reader  who  has  not  carefully  studied  the  Commission's  report 
may  perhaps  think  too  literal  an  interpretation  is  being  placed  on  the 
phrase  "  in  fly-areas,"  and  that  this  was  intended  to  apply  only  to 
known  Sleeping  Sickness  districts.  The  following  extracts  will  perhaps 
make  the  view  of  the  Commission  clearer.  "  In  the  opinion  of  the 
Commission  it  is  probable  that  cases  "  {i.e.,  of  Sleeping  Sickness) 
"  will  be  found  to  occur  wherever  Glossina  morsitans  and  wild  game 
abound."  .  .  .  .  "  This  parasite  "  (i.e.,  the  trypanosome  they  claim  to 
be  a  cause  of  Sleeping  Sickness)  "  is  found  in  the  blood  of  wild  animals 
throughout  a  large  part  of  Africa  "  (p.  30.)    It  is  also  of  the  opinion 


G.  D.  Maynard  169 

that      cases      of      Sleeping      Sickness      must      have      occurred      in 
Zululand,       although       they       have       not       been       discovered.        In 
reference    to    this    latter    district,     it    remarks: — "Many    cases    of 
death     are     reported      to      have      occurred      among      hunters      and 
explorers,     and    these    were    often   put   down   to   '  Malaria  ' ;   but   as 
there  was  no  blood  examination,  it  is  quite  possible  that  some  of  these 
cases  might  have  been  due  to  infection  by  Trypanosoma  hrucci.     It  is 
doubtful  if  man  ever  dies  of  uncomplicated  malaria  "    (p.   35).      In 
the  first  sentence  of  this  extract,  we  have  what  an  unkind  critic  might 
term  a  suggestio  falsi,  in  that  while  the  statement — that  many  men 
have  died  without  a  blood  examination  having  been  made — is  true,  it  is 
not  the  whole  truth  ;  for,  to  suggest — and  without  such  suggestion  the 
sentence  has  little  real  significance — that  men  in  recent  years  dying 
of  obscure  diseases  in  Zululand  or  the  Eastern  Transvaal  have  not  in 
many    instances    had    blood-examinations    made,   is    certainly    quite 
incorrect.     When  we  consider  that  Sleeping  Sickness  was  discovered, 
whilst   still  infrequent,   in  districts  much   more    isolated    and    much 
further  removed  from  laboratory  aid  than  Zululand,  it  does  not  seem 
at  all  probable  that  it    has  been    consistently    missed    in  a  district 
which  is,   medically  speaking,   relatively  well  supervised.       The  final 
statement  of  the  extract  is  even  harder  to  understand,  unless  possibly 
the  word  "  uncomplicated  "  is  to  nullify  the  surface  meaning  of  the 
remark.     If  this  sentence  does  not  mean  that  for  all  practical  purposes 
Malaria  as  a  cause  of  death  can  be  ignored  its  introduction  here  is 
certainly  likely  to  mislead  readers  unfamiliar  with  tropical  diseases. 
Medical  practitioners  in  the  tropics,  knowing  that  such  a  statement  is 
incorrect,  will  no  doubt  wonder  what  the  Authors  intended  to  convey. 
For    the    reader    unacquainted    with    tropical    diseases    the    following 
quotations  may  be  of  interest  as  indicating  the  importance  of  Malaria 
as  a  cause  of  death.     "  The  true  mortality  of  Malaria  is  difficult    to 
estimate.     .      .     .     It  is   probably  true  that  many  cases  ascribed  to 
complications,  fancied  or  real,  are  due  to  Malaria."     "The  following 
list  of  pernicious  Malaria  compiled  from  literature  shows  a  mortality 
of  26-6  per  cent."     (Deaderick,  "  Practical  Studies  of  Malaria,"  1909, 
p  p.  296-297.)    "     .     .     .     something  will  be  done  to  lessen  the  terrible 
mortality  from  Malaria  among  native  children  in  India."      (Eogers, 
"  Fevers  in  the  Tropics,"  p.  201.)     "  There  can,  however,  be  no  doubt 
that  Malaria  causes  the  greatest  amount  of  sickness  in  all    tropical 
countries  and  may  in  certain  localities  be  largely  responsible  for  the 
death-rate,  while  in  others  it  may  not  contribute  nearly  so  largely." 
(Castellani  &  Chalmers,  "Tropical  Medicine,"  1910,  p.  672.) 

It  is  evident  that  when  the  expression  "  destruction  of  wild  game 
in  fly-country  "  is  used,  it  is  not  intended  to  limit  the  destruction  to 
districts  where  Sleeping  Sickness  is  known  to  exist.     The  far-reaching 
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effect  of  this  recommendation  is  plain,  and  very  valid  arguments  in 
support  of  the  contentions  on  which  it  is  based  must  be  adduced 
before  African  Governments  -should  attempt  to  follow  such  advice. 

Among  other  preventive  methods  suggested  is  the  segregation  of 
infected  natives,  but  after  stating  "  Therefore  it  would  be  well  to 
move  infected  natives  out  of  the  fly-country  into  fly-free  parts,"  the 
proposal  is  dismissed  with  "  This,  however,  is  not  an  important 
matter."  Moreover,  if  the  conclusions  of  the  Commission  are  sound 
— that  all  tsetse  fly  areas  are  Sleeping  Sickness  districts — the  proposal 
is  impracticable ;  if,  on  the  other  hand,  the  assumptions  made  in 
regard  to  wild  game  are  incorrect  and  the  native  is  the  most  important 
source  of  infection,  the  suggestion  in  spite  of  administrative  difficulties 
deserves  more  serious  consideration,  and  cannot  be  dismissed  as  an 
unimportant  matter. 

It  is  unnecessary  to  labour  the  gravity  of  the  Commission's 
recommendations  and  statements  provided  the  ev'dence  on  which  they 
are  based  is  established  and  the  deductions  are  sound.  If  Sleeping 
Sickness,  as  they  claim,  exists  in  the  Union  of  South  Africa  but  is 
unrecognised,  it  is  a  serious  matter  and  deserves  the  most  careful 
investigation  and  consideration.  The  opinion  that  Sleeping  Sickness 
occurs  in  hitherto  unsuspected  areas  is  apparently  entirely  based  on 
the  presumed  identity  of  the  Trypanosoma  brucei  with  that  causing 
Sleeping  Sickness  in  man  in  Nyasaland.  It  is  justifiable,  therefore,  to 
examine  somewhat  carefully  the  evidence  on  which  this  presumed 
identity  is  based. 

The  Commission  states  (p.  35)  that  seven  points  may  be  considered 
in  the  endeavour  to  separate  species  of  Trypanosomes : — 

"1.    Are  they  alike  in  size  and  shape?    Morphology. 

"2.    Have  they  the  same  habits  and  actions  when  alive? 

"  3.    Do  the  two  trypanosomes  infect  the  same  animals  and 

kill  them  in  the  same  time? 
"  4.    Have  they  the  same  carrier?  and  does  their  growth  or 

development  in  the  carrier  follow  the  same  course? 
"5.    Cross-inoculation      experiments. — If     an      animal      has 
recovered  from  an  attack  of  disease  set  up  by  one  of  the 
two  trypanosomes,   is    it    immune    or    non-immune    to 
infection  by  the  other? 
"  6.    Experiments  on  the  effect  of  various  sera. 
"  7.    Geographical  distribution." 
Before  considering  these  points  in  detail  it  may  be  remarked  that 
the  Commission  considers  the  matter  to  be  definitely  settled,   for  in 
the  definition  of  terms  at  the  beginning  of  the  report   T.   brucei  is 
defined  as:   "The  parasite  found  in  wild  game    and    tsetse    flies    of 
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Nyasaland  and  many  other  parts  of  Africa.  It  gives  rise  in  man  to 
the  '  Nyasaland  Sleeping  Sickness,'  and  in  other  animals  to  the  disease 
known  as  '  Nagana.'  In  this  Eeport  it  will  be  designated  T.  brucei  vel 
rhodesicnse."  The  trypanosome  found  in  wild  game  and  tsetse  flies 
of  Nyasaland  is  thus  labelled,  without  any  qualification,  as  being  the 
Trypanosoma  brucei,  and  as  being  identical  with  the  organism  causing 
disease  in  man.  Similar  statements  are  repeated  so  often  that  all  but 
the  most  careful  readers  may  consider,  by  the  time  that  they  have 
read  through  the  report,  that  the  matter  is  definitely  settled,  and  such 
isolated  remarks  as  the  following  may  be  overlooked  or  forgotten: — 
"  This  (the  question  of  the  identity  of  T.  brucei  and  T.  rhodcsiense) 
is  a  most  important  question,  and,  with  our  present  knowledge, 
one  impossible  io  answer  at  the  preserit  time  with  absolute 
certainty."  (p.  33,  italics  not  in  the  original.)  "  These  25  strains,  or 
races,  are  all  believed  by  the  Commission  to  belong  to  the  same  species 
— Trypanosoma  brucei.  This  belief  is  not  shared  by  the  majority  of 
workers  on  trypanosome  diseases.  It  is  held  that  mixed  up  with 
T.  brucei  there  is  another  species,  T.  rhodesiense,  which  is  alone 
capable  of  giving  rise  to  disease  in  man."  (p.  42.)  Or  again  (p.  36)  — 
"  It  will  be  found  difficult,  or  even  impossible,  to  arrive  at  a  certain 
decision  in  regard  to  the  identity  of  Trypanosoma  brucei  and 
Trypanosoma  rhodesiense.  Many  apparently  cogent  arguments  can  be 
advanced  against  this  theory."  With  the  exception  of  the  above 
extracts  there  is  little  indication  to  show  that  the  Commission 
considers  that  any  doubt  remains  as  to  the  identity  of  these  species. 

There  are,  therefore,  two  main  questions  to  be  investigated — Is 
the  wild  game  strain  of  Nyasaland  identical  with  the  strain  causing 
disease  in  man?  and,  if  so,  is  this  trypanosome  identical  with  the 
T.  brucei  of  Zululand?  Should  it  be  found  that  there  is  more  than 
one  wild  game  strain  in  Nyasaland,  or  more  than  one  strain  causing 
disease  in  man,  a  further  complication  will  result. 

1.     Morphology. 

In  regard  to  this,  the  Authors  of  the  report  state  that  it  is  "a 
most  important  point."  The  morphological  feature  which  thej' 
apparently  consider  of  greatest  moment  is  length,  and  the  numerous 
graphs  of  frequency-distributions  of  length-measurements  indicate  the 
value  they  place  on  this  method  of  examination  for  purposes  of 
classification. 

Many  other  writers  on  trypanosomes  have  attached  similar 
importance  to  this  morphological  feature.  Warrington  Yorke  and  B. 
Blacklock  in  an  interesting  paper,  entitled  "  The  differentiation  of  the 
more  important  Mammalian  Trj-panosomes  "    (Annals  of  Trop.   ]\Ied. 
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and  Parasitology,  April,  1914)  discuss  the  value  of  morphological 
features  for  purposes  of  differentiation.  In  referring  to  the  graphs  of 
the  Royal  Society  Commission  they  remark — "  On  comparing  these 
graphs,  one  is  at  once  impressed  by  the  extraordinary  variation  they 
exhibit."  They  then  discuss  the  probable  reason  for  these  variations, 
and  write — "  In  conclusion,  therefore,  we  are  of  opinion  that  in  so  far 
as  polymorphic  trypanosomes  are  concerned  the  character  of  biometric 
curves  affords  no  assistance  in  diagnosis."  In  regard  to  the  unanalysed 
graphs  this  conclusion  is  no  doubt  just  as  applied  to  bi-modal  or 
multi-modal  distribution,  and  one  is  almost  inclined  to  agree  with 
their  statement — "  If  they  are  at  all  similar,  it  would  appear  to  be 
chiefly  a  matter  of  coincidence."  Unfortunately  the  antecedent 
treatment  of  these  strains  (such  as  animal-passages)  was  not 
sufficiently  uniform  to  enable  a  definite  and  final  opinion  on  this  point 
to  be  formed.  Whether  the  ratio  of  the  components  would  be  found 
to  be  more  or  less  uniform  from  strain  to  strain  in  the  same  species  of 
trypanosome,  if  the  animal  passages  and  so  forth  were  identical,  is, 
I  think,  impossible  to  assert  on  the  evidence  available ;  there  are, 
however,  certain  facts  which  suggest  that  probably  this  would  not 
be  so,  and  that  the  statement  above  quoted  is,  therefore,  correct. 
The  Authors  of  this  paper  have  discussed  this  point  entirely  from  an 
inspectional  standpoint  and  appear  to  be  unacquainted  with  the 
methods  of  the  scientific  analysis  of  such  distributions,  or  of  the 
statistical  laws  on  which  alone  can  sound  deductions  as  to  similarity  or 
dissimilarity  be  based.  Their  criticism  is  of  interest,  however,  as 
showing  how  greatly  their  conclusions  differ  from  those  of  the 
Commission  even  when  based  on  the  same  facts  and  judged  by  the 
same  methods,  namely,  mere  inspection  of  the  graphs. 

As  pointed  out  by  Professor  K.  Pearson,  in  an  article  on  "  The 
Identity  of  Trypanosome  Strains"  (Biometrika,  Vol.  X.,  p.  85 
qI  seg.) — "  It  is  impossible  to  reach  any  safe  conclusions  as  to  the 
identity  or  non-identity  of  populations  by  any  process  of  mere 
graphical  comparison  of  frequency  distributions."  In  this  paper  the 
chance  that  so-called  similar  distributions  are  really  samples  from  a 
homogencoiis  population  is  discussed,  and  it.is  shown  that,  considering 
the  distributions  as  they  stand,  there  are -in  many  cases  chances  of 
millions  to  one  against  similarity  where  such  is  claimed  by  Sir  David 
Bruce  and  his  colleagues.  This  paper  was  published  about  a  year 
before  the  report  now  under  consideration  was  issued,  but  no  mention 
is  made  of  these  criticisms  and  the  same  inspectional  methods  of 
judging  similarity  is  still  adhered  to. 

It  is  very  difficult  to  discover  what,  in  the  opinion  of  the  Authors 
of  the  report,  constitutes  morphological  similarity.     For  example,  on 
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p.  87  it  is  stated — "  As  regards  morphology,  this  trypanosome 
(T.  brucei)  is  absolutely  identical  with  the  Trypanosome  causing 
disease  in  man  in  Nyasaland,  the  T.  rhodesiense  of  Stephens  and 
Fantham."  Only  a  few  lines  above,  however,  the  following  remarks 
are  made: — "  These  two  curves  are  undoubtedly  much  alike,  and,  as 
the  wild-game  strain  in  Xj'asaland  is  supposed  to  be  identical  with  the 
human  strain,  then  it  might  be  said  that  T.  hrucei,  Zululand  Strain 
XXV.,  1913,  is  also  identical  with  the  trypanosome  causing  disease  in 
man  in  Nyasaland."  In  regard  to  the  undoubted  similarity  of  the  two 
strains  the  chances  that  the  variations  observed  in  the  charts  are  due 
simply  to  errors  of  sampling  are  millions  to  one  against ;  these  appear 
to  me,  therefore,  rather  slender  data  on  which  to  assert  their  absolute 
identity.  Further,  the  T.  brucei  Strain  XXV.  was,  it  is  stated,  "  in 
all  probability  infected  from  the  wild  game  strain  of  the  Somkele 
District,  Zululand  "  :  thus  even  the  origin  of  this  strain  is  not  definitely 
ascertained. 

Just  as  it  is  possible  to  pick  out  two  frequency-distributions  which 
may,  to  the  superficial  observer,  appear  similar,  so  from  among  the 
same  strains  can  distributions  be  picked  out  which  no  reasonable 
observer  could,  in  their  crude  state,  consider  as  even  approximately 
representing  similar  length-measurement-distributions.  Chart  I.  gives 
four  histograms  of  length-measurements  taken  fi-om  the  report.  All 
these  measurements  are  from  strains  the  identity  of  which  is  asserted 
by  the  Commission.  Whereas  (a)  and  (6)  are  somewhat  similar  in 
type  their  position  is  different,  the  commonest  modal  and 
approximately  mean  length  in  the  (a)  distribution  occurring  at  about 
19  microns  and  in  (b)  at  24;  (c)  and  (d)  are  different  in  type  to  both 
the  foregoing  and  to  each  other.  It  will  further  be  noted  that  both 
(a)  and  (J)  although  so  dissimilar  are  strains  of  T.  brucei.  Chart  II. 
shows  a  strain  of  T.  gambiense  and  one  of  T.  rhodesiense.  Although 
the  Commission  regard  these  trypanosomes  as  distinct  species,  the 
histograms  show  greater  similarity  than  those  given  in  Chart  I.  It  is 
not,  of  course,  claimed  that  these  distributions  do  in  fact  show 
similarity,  they  are  introduced  here  merely  as  a  contrast  to  those  in 
Chart  I.  Even  greater  similarity  is  observed  between  the 
distributions  of  T.  gambiense  and  T.  rhodesiense  given  by  Stephens  and 
Fantham  and  reproduced  in  Charts  III.  and  IV.,  but  those  in  CJiart 
II.  were  chosen  because  the  diagrams  were  given  in  the  Commission's 
report.  The  Commission  states: — "  It  is  doubtful  if  it  is  possible  in 
every  ease  to  distinguish  T.  brucei  from  T.  gambiense  by  morphology 
alone."  (p.  30.)  This  would  suggest  that  in  some  cases  it  was 
possible  to  distinguish  the  two  by  their  morphology.  However,  we  are 
told  on  p.   196  that  "  It  would  appear  to  be  impossible  at  present  to 
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distinguish  between  the  two  by  microscopic  examination  of  the 
parasites  as  they  occur  in  the  blood  of  man."  So  that  presumably, 
where  it  is  possible  to  distinguish  the  strains  by  their  morphology,  it 
is  to  length-measurements  that  appeal  must  be  made.  If,  however, 
these  two  species,  claimed  as  distinct,  cannot  be  distinguished  by  any 
morphological  feature  there  can  be  no  justification  for  claiming 
similarity  for  T.  brucei  and  the  Nyasaland  human  strain,  from 
assumed  similarity  in  distributions  of  length-measurements. 

From  the  consideration  of  the  above  mentioned  facts,  and  the 
reproduced  charts,  the  unbiased  reader  will  agree  with  the  conclusion 
that  little  information  of  value  can  be  obtained  from  the  mere 
inspection  of  diagrams  of  frequency-distributions  of  trypanosome 
lengths,  and  that  any  arguments  drawn  from  such  sources,  whether 
in  support  of  the  similarity  or  dissimilarity  of  species,  can  be  of  but 
little  worth.  Are  we  then  to  abandon  all  this  information  as  valueless? 
Whatever  one  may  feel  about  many  of  the  deductions  drawn  by  the 
Commission  in  this  matter,  one  cannot  but  be  grateful  to  them  for 
the  labour  expended  on  these  measurements,  and  every  attempt 
should  be  made  to  extract  what  information  is  possible  from  such 
work. 

It  is  asserted  that  both  T.  brucei  and  T.  gambiense  are  dimorphic 
strains.  In  the  paper  by  Professor  Pearson,  already  referred  to,  he 
has  shown  that  length-measurement-distributions  of  T.  pecoruni, 
T.  simicB,  T.  caprcc  are  well  represented  by  a  single  "  normal  curve." 
On  the  other  hand,  the  distributions  of  T.  gambiense,  T.  rhodesiense, 
wild  game  strain,  T.  brucei,  etc.,  cannot,  at  least  in  many  instances, 
be  reasonably  represented  by  single  "normal  curves."  Further,  he 
has  shown  that  on  analysis  some  of  the  above-mentioned  strains  split 
into  two  components,  each  of  which  is  well  represented  by  a  "  normal 
curve."  Without  discussing,  in  this  place,  the  significance  of  this 
phenomenon  the  fact  may  be  noted.  It  is  proposed  for  the  present 
to  continue  to  call  such  strains  "  dimorphic,"  and  the  question  as  to 
whether  the  compound  nature  of  these  distributions  be  due  to  a 
mixture  of  two  strains  or  a  true  dimorphism  is  left  in  abeyance.  If 
in  addition  to  the  presence  of  two  components  in  these  distributions 
we  assume  that  their  relative  proportion  may  vary,  it  will  be  evident 
that  great  differences  in  the  distributions  of  measurements  of  length 
may  occur  even  when  the  same  strain  is  being  dealt  with.  A  simple 
example  may  help  to  make  this  important  point  clear. 

It  is  well  known  that  measurements  of  heights  in  both  men  and 
women  are  well  represented  by  the  "  normal  curve,"  and,  therefore, 
give  distributions  similar  in  character  to  those  just  discussed  in  regard 
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to  the  trypanosome  strains.  Let  us  assume  then,  that  we  are  trying 
to  distinguish,  say,  a  European  from  the  Southern  Chinese  race  by 
height-measurements.  In  each  case  the  mean  height  of  the  two  sexes 
differs  considerably.  It  is  not,  of  course,  to  be  inferred  that  because  an 
illustration  from  sex  differences  is  being  made  use  of  any  suggestion 
that  a  sex  difference  is  important  in  the  trypanosome  strains  is 
implied.  To  return — Suppose  1,000  measurements  of  height  were 
made  at  random  among  the  sexes  the  resulting  type  of  distribution 
would  depend,  to  a  large  extent,  on  the  proportion  of  males  to  females 
in  the  group.  If  in  the  European  sample  the  female  type  largely 
predominated,  and  in  the  Chinese  the  male,  the  two  distributions 
might  appear  somewhat  similar  if  mere  inspection  were  relied  on,  and 
consequently  sameness  of  race  might  be  claimed.  In  the  same  way, 
in  two  different  samples  from  the  same  race,  difference  of  race  might 
be  alleged  if  considerable  differences  in  the  proportion  of  males  to 
females  were  present  in  the  samples. 

This  illustration  will,  I  hope,  help  to  demonstrate  the 
impossibility  of  judging  similarity  or  dissimilarity  of  such  compound 
curves  before  they  have  been  resolved  into  their  components.  The 
extract  quoted  from  Professor  Karl  Pearson  gives  his  opinion  as  to 
even  simple  distributions,  and  I  am  certain  all  trained  statisticians  will 
endorse  this  view ;  but  when  compound  distributions  are  under 
consideration  even  the  "  goodness  of  fit  "  tests  fail  to  answer  the 
question  of  similarity  of  origin  until  an  analysis  into  components  has 
been  made,  for  the  obvious  reason  that  the  population  is  not  really 
homogeneous  in  respect  to  the  character  measured. 

Professor  Pearson  has  shown  that  many  of  the  so-called 
"  dimorphic  "  tr\-panosome  strains  can  be  resolved  into  two 
"  normal-curve  "  components,  and  the  theoretical  distribution  which 
results  from  the  sum  of  the  areas  of  these  curves  can  then  be 
compared  with  the  original  distribution  and  the  "  goodness  of  fit  " 
measured  by  the  well-known  formula. 

Having  had  some  difficulty  in  resolving  certain  distributions  of 
human  strains  given  in  the  Commission's  report,  and  noticing  that 
Professor  Pearson's  analysis  of  human  strains  I.  to  V.  did  not  result 
in  a  reasonable  fit,  it  seemed  advisable  to  test  another  sample  of  both 
T.  rhodesiense  and  T.  gambiense  with  a  view  to  ascertaining  whether 
the  good  results  obtained  by  Professor  Pearson  with  these  strains 
would  be  repeated.  A  distribution  of  1,000  counts  of  each  of  these 
strains  was  obtained  from  Stephens  and  Fantham's  paper  ("  Annals 
of  Tropical  Medicine  and  Parasitology,"  Vol.  VIE.,  pp.  28  and  32), 
and  their  analysis  leads  to  the  following  results:  — 
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T.  rhodesiense. 

Mean=   24-1210 

^2=   12-3386  ^3=-     5-5178 

^4  =  396-2356  ^^  =  -  335-8823 

Eeducing  nonic: — 
g«  -  2-1170^^  +  -04567g'^  +  -80105^  -  l-2327g*  -  •755%''  -  -01184^^ 
+  -002243^  -  -000,028,22  =  0. 

The  root  is  given  by  P2  =  10q=  -  5-2889,  which  leads  to  the 
components  given  in  Table  I.  and  shown  in  Chart  III.     P=-54. 

T.  gambiense. 

Mean=   24-867 

^,=   12-0113  ^,=  -     4-2121 

im  =  366-7023  iu,=  -  234-2183 

Eeducing  nonic: — 
c/  -  2-3139^^  +  -02661g«  +  1-2957^=  -  -7707g*  -  -6618g^  -  -01426^2 
+  -008324g-  -000,055,84  =  0. 

The  root  is  given  by  p2  =  lQq=  —5-264:l,  which  leads  to  the 
components  given  in  Table  I.  and  shown  in  Chart  IV.     P=-48. 

The  close  similarity  of  type  of  these  two  distributions  and  their 
constants  will  be  noted. 

Turning  to  the  Nyasaland  human  strains.  In  this  group  five 
strains  (Human  Strains,  Nyasaland  VI. — X.)  are  represented,  all  of 
which  were  taken  from  the  rat.     (p.  57.) 

Mean=  22-2872 

^2=   12-0126  iu,=     20-0529 

;z4  =  392-0418  //5=:  1664-7845 

Eeducing  nonic:  — 
g9  _  1-43032^  +  -60322«  -  3-8501^=  -  7-1924:c/  -  -8802?^  +  1-6237^^ 
+  -2643g- -06502  =  0, 

which  leads    to  P2  =  10q=  —5-S91Q.     The    components    are    given    in 
Table  I.  and  shown  in  Chart  V.     P^-11. 

Human  Strains — Nyasaland  I. — V. 

This  group  has  been  dealt  with  by  Professor  Pearson.  The  areas 
of  his  components,  however,  do  not  well  represent  the  data,  and  only 
about  once  in  6,000  samples  should  so  unsatisfactory  a  fit  be  obtained 
if  the  divergence  be  due  to  errors  of  sampling.     Professor  Pearson 
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writes: — "  It  is  impossible,  however,  to  look  through  the  graphs  given 
by  Sir  David  Bruce  and  others  for  the  human  strains  without  being 
convinced  of  their  fundamental  bi-modal  character,  although  there 
appears  to  be  much  evidence  of  its  being  disguised  by  heterogeneity  of 
host  and  treatment."  On  examining  the  graphs  of  these  five  strains 
it  appeared  to  me  that  Strain  III.,  the  Chituluka  Strain,  was  possibly 
different  in  character  to  the  others.  Professor  Pearson  had  already 
suggested  that  as  it  was  not  at  all  satisfactorily  fitted  by  two 
components  a  third  might  be  present.  I,  therefore,  took  the 
remaining  four  strains  (through  rat  only)  and  attempted  to  fit  them 
with  two  components.  This  distribution  gave  the  following 
constants: — 

Mean=   23-9363 

^i,=    10-3011  ;i3=      13-5416 

^4  =  293-6205  ^5  =  1025-3776 

Reducing  nonic: — 

q^  -  -86520^^  +  •255125«  - 1 -0152825  -  1-536285^  -  •13098r/  +  -184373= 
-  -02860^-  -004,920,2  =  0. 

No  suitable  root  to  this  equation  could  be  found. 

As  the  resolution  of  the  group  of  human  strains  I.  to  V.  was 
unsatisfactory  it  was  decided  to  deal  with  each  strain  separately 
to  test  how  far  the  mixture  of  strains  affected  the  results.  To  eliminate 
as  far  as  possible  heterogeneity,  due  possibly  to  alterations  in 
character  produced  by  different  immediate  hosts,  only  measurements 
obtained  from  rats  were  used. 

Human  Strain  I. 

Mean=   25-1367 

fi._=   17-5847  ^3=-     0-6998 

^f,  =  602-4457  iii^=     393-7376 

Leading  to  reducing  nonic: — 

q'  - 11-3805^?^  +  -00073g«  +  39-53902"  -  2-032534  -  39-20393^  _  -0135432 

+  •000,003,123 --000,000,000,1  =  0, 

which  gave  P2  =  1^3=  — 12-1344,  which  led  to  the  components  given 
in  Table  I.  and  shown  in  Chart  VI.  P  =  -62.  So  that  the  resolution  of 
this  strain  into  two  normal  components  was  quite  satisfactory. 

Human  Strain  II. 

Mean=   23-100 

jn^=     6-6271  ii,=     4-7349 

^4  =  134-1327  ^.=306-3063 
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Which  led  to  nonic:  — 

q"  +  -083255'  +  •0SQ6Sq''  -  -OOSSOSg'  +  •009446?*  +  •006396?=' 
+  •0002049?- --000,047,82? -•000,011,27  =  0. 

No  negative  real  root  could  be  found  for  this  equation ;  but  the 
1,000  measurements  which  formed  this  distribution  were  derived  from 
two  rats,  and  Professor  Pearson  had  pointed  out  that  these  two 
distributions  did  not  resemble  each  other,  for  2^  —  36-195  and  P=-0048. 
To  what,  therefore,  was  this  want  of  agreement  attributable?  If  the 
two  sub-distributions  differed  only  in  the  fact  that  the  areas  of  their 
components  (presuming  they  were  compound  distributions)  were 
different,  the  low  value  for  P  quoted  above,  might  be  explained, 
although  this  would  not  affect  the  resolution  of  the  combined 
distribution ;  if,  however,  the  components  were  of  a  different  character 
the  heterogeneity  would  affect  the  resolution. 

The  two  sub-populations  were  then  dealt  with  separately. 

Human  Strain  II.  A.,  Rat  728. 

Mean=   23-516 

jii,=     6-2504  ^3=     5-0100 

^4^  =  114-3804  ^5=223-5815 

Leading  to  reducing  nonic:  — 
?9  -  -09879?'  +  '0Sie>5f/  -  -13162?^  -  -07327?^^  +  -001836?^  +  -003326?^ 
+ -000,071,12?- -000,015,81  =  0. 

The  root  was  found  to  be  P2  =  10?= —2-4884,  leading  to  the 
components  as  given  in  Table  I.  and  shown  in  Chart  VII.  In  this 
case  P=-88,  a  quite  satisfactory  result. 

Human  Strain  II.  B.,  Rat  726. 

Mean=   22-804 

^,=     6-7503  ^3=     4-9937 

^,"=143-9428  ;/,  =  429-6443 

Eeducing  nonic: — 
?« +  -25358?"  +  -03741?^  -  -15835?^  -  -03083?^  -  -007179?^  -  -007,179?== 
--000,180,2? --000,015,5  =  0. 

This  equation  has  no  real  negative  root,  and  therefore  the 
distribution  cannot  be  strictly  resolved  into  two  components,  nor  will 
a  single  normal  curve  satisfactorily  represent  the  observations,  as  will 
be  seen  on  reference  to  Chart  VIII. 

The  difference  in  these  two  examples  of  Strain  II.  is  curious,  and 
some  biological  explanation  probably  exists.  The  histogram  rather 
suggests  that  a  third  component  may  be  present  in  the  distribution 
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obtained  from  rat  726.  Such  anomalies  as  are  found  in  this,  and 
some  other  strains  to  be  discussed  later,  may  hide  important 
biological  facts,  but  as  long  as  workers  on  this  subject  are  content 
with  mere  inspection  of  graphs,  or  a  rough  analysis  into  three  groups 
— short,  intermediate  and  long  types — -these  abnormalities  will 
naturally  go  unnoticed  at  the  time  when  further  experiments  might 
have  served  to  elucidate  the  problems  involved. 

It  may  be  mentioned  that  the  arithmetic  entailed  by  these 
reductions  is  somewhat  long  and  tedious.  Care  has,  however,  been 
taken  to  avoid  errors,  and  where  unsatisfactory  resolutions  have  been 
obtained  the  work  has  been  re-done ;  nevertheless  it  is,  of  course, 
always  possible  that  some  slip  in  the  arithmetic  may  have  been 
overlooked. 

Human  Strain  III. 

The    distribution    of    length-measurements    of    this    strain    was 
clearly  different  in  type    from    that    of  the    other    human    strains. 
Professor  Pearson  gives  the  constants  of  this  distribution  as — 
Mean=     26-172 

fu=     23-5226  iii,=  -     37-1323 

/ii]  =  1179-3079  /ii,  =  -  3248-4381 

Which  led  to  two  components,  of  which  he  writes: — "  The  graph 
while  giving  broadly  some  of  the  features  of  the  case  is  by  no  means 
a  satisfactory  fit;  for  ?i  =  21  groups,  x'  =  ^^  ^^^  ^  ^^  <-(X)0,0(X),l. 
The  diagram  suggests  that  we  are  probably  dealing  with  a  mixture  of 
three  components  with  means  about  18-5,  25-5  and  31-0,  but  at  present 
we  have  no  satisfactory  method  of  performing  multiple  resolutions 
of  this  character."  This  also  appeared  to  me  to  be  a  probable  solution 
for  the  distribution.  The  area  left,  after  the  first  component  of  the 
solution  by  the  nonic  had  been  subtracted  from  the  distribution,  was 
submitted  to  the  same  method  of  analysis  in  order  to  see  whether  a 
satisfactory  resolution  could  be  obtained  into  two  normal  components. 
In  order  to  give  the  tail  of  the  distribution  "  higher  contact  "  with 
the  axis,  which  it  clearly  must  have  if  it  is  to  be  represented  by  a 
normal  curve,  slight  alterations  were  made  in  the  proximate  tail  by 
subtracting  a  small  area  from  the  first  component.  The  result  was 
as  follows : — 

Mean=   28-1370 

/,u=   11-9493  ^3=-   2-0722 

^/",  =  341-7133  ^5= -60-1526 

Giving  for  the  nonic: — 

^9  _  3-03467^  +  -006441(7"  +  2-9316^^  -  -3169(7"  -  -8829(7^  -  -008,962(?2 

+  -(X)0,063,9(7- -000,000,08  =  0. 
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The  root  was  p^  =  10q=  —5-9751,  leading  to  the  components  given 
in  Table  I.  and  shown  in  Chart  IX.     P=-28. 

A  normal  curve  was  then  calculated  for  the  remainder  of  the 
distribution.  The  three  means  are  now  at  18-7044,  24-5319  and 
29-7893,  giving  for  n  =  25  groups,  P  —  -08.  Thus,  if  this  resolution  is 
to  be  considered  satisfactory,  only  once  in  about  twelve  trials  should 
we  expect  as  bad  a  fit  as  this.  The  observations  are,  however,  rather 
irregular  and  it  does  not  seem  likely  that  any  resolution  could  give  a 
very  satisfactory  value  to  P.  An  inspection  of  the  graph  shows  that 
the  first  component  is  a  very  bad  fit;  this  area  was,  therefore, 
treated  similarly  to  the  other,  with  the  following  result:  — 

Ii2  =  1-3892  ^3  =  0-3080 

^,  =  5-0917  ^5  =  2-6955 

Reducing  nonic:  — 

>2'  -2-4430/?/  +  0-1424/;2«  +  0-3638^^^  -  3-1059;?.*  - 1-8068/?2' 
+  0-0173^22  +  0-0251?),  -  0-0009  =  0. 

Which  leads  to  p^^  —0-6564,  and  the  components  as  given  in 
Table  I.  and  shown  in  Chart  X.  For  the  four  components  P  =  -25. 
Thus  the  successive  reductions  have  given  increasing  values  for  the 
probability  of  "  goodness  of  fit  "  from  <; -000,000,1  to  -08,  and  finally 
to  -25. 

I  do  not  think  this  can  be  taken  as  proof  that  the  reduction  is 
necessarily  valid,  but  a  study  of  the  distribution  seems  to  me  to 
indicate  that  this  is  a  very  probable  solution,  and  the  conclusion  that 
in  this  case  we  are  dealing  with  a  dual  infection  naturally  suggests 
itself. 

As  in  Strain  II.,  this  distribution  was  obtained  from  two  rats, 
and  the  measurements  are  recorded  separately.  Here,  however,  the 
distributions  from  both  sources  are  closely  similar  and  nothing, 
therefore,  is  to  be  gained  by  treating  them  separately  as  was  done 
with  Strain  II.  Professor  Pearson  found  for  these  two  distributions — 
7^  =  14-715,  giving  P  =  -9038.  He  writes: — "We  should  not  hesitate 
to  assert  identity  of  strains  and  of  treatment  in  the  case  of  the 
trypanosomes  from  these  two  rats." 

The  fact  that  two  rats  gave  closely  similar  results  would  tend  to 
negative  a  suggestion  that  a  mixed  infection,  due  to  an  accidentally 
or  naturally  infected  rat  being  used  as  intermediate  host,  might 
account  for  the  hypothesized  dual  infection.  In  this  case  a  dog  was 
an  intermediate  host  between  man  and  the  rats. 

Human  Strains  IV.  and  V. 

Professor  Pearson  had  shown  that  these  two  strains  could  safely 
be   considered   together,    as   their  distributions   were   closely   similar ; 
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he  writes — "  The  correspondence  is  so  close  that  we  have  combined 
Strains  III.  (sic,  an  obvious  misprint  for  IV.)  and  V.  for  all  other 
comparisons."  These  strains,  therefore,  were  dealt  with  together, 
and  give  the  following  constants:  — 

Mean=   23-992 

lii.,=     8-1246  ^^3=     5-0912 

/<,  =  166-4060  1,5  =  231-7179 

Reducing  nonic :  — 
c/  - 1-106767'  +  •038887«  +  -089852=  -  •41302-^  -  •16272='  +  -000,586,92" 
+  -000,849,82-  -000,017,42  =  0. 
Which  leads  to  /J,  =  10q= —4-3147  and  the  components  given    in 
Table  I.  and  shown  in  Chart  XI.     P  =  -85. 

Hunian  Strain  17. 

Mean=   21-70 

fx.=     9-2667  .  U3=   15-7620 

^,1  =  251-7159  -i,5  =  982-3631 

Reducing  nonic: — 

2«  -  •206412'  +  -372662"  - 2-24842=  - 1-98652*  +  -54042"  +  -55962" 
+ -014562 --01533  =  0. 

Leading  to  p^  =  10q—  —5-1390  and  the  components  given  in  Table 
I.  and  shown  in  Chart  XII.     P  =  -46. 

Human  Strain  VII. 

Mean=   22-51 

;,2=   13-6586  W3=     28-6169 

,U4  =  436-4956  ^s  =  2285-9717 

Reducing  nonic: — 

2'  -  4-31112'  +  1-22842''  -  8-24162=  -  38-41002*  - 19-79372''  +  8-14712' 
+  3-30422- -54921  =  0. 
Here  pr,  =  lOq—  -8-6657,  which  leads  to  the  components  given  in 
Table  I.  and  shown  in  Chart  XIII.     P  =  -13. 

The  somewhat  unsatisfactory  nature  of  this  result  is  due  largely 
to  want  of  agreement  in  the  one  group  at  22  microns. 

Human  Strain  VIII. 

Mean=   22-458 

,/,=     7-4369  M3=     19-0571 

/,  =  223-6980  i<5  =  1347-5668 

Reducing  nonic: — 

ff  +  2-022142'  +  -544762'  +  -853312'  +  3-84542*  +  2-145032'  -  -173522" 
- -304812 --047901=0. 
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No  negative  root  could  be  found  for  this  equation,  and  unless 
there  is  some  error  in  the  arithmetic  this  distribution  is  not  strictly 
capable  of  resolution  into  two  normal  components,  nor  can  it  be 
satisfactorily  fitted  by  a  single  normal  curve,  as  is  shown  in  Chart 
XIV.  It  is  probably  multiple,  consisting  of  more  than  two 
components. 

Human  Strain  IX. 

Mean=   21-198 

^2=   18-5155  iu,=     62-6905 

^/^  =  879-5484  ^5  =  6306-7863 

Eeducing  nonic :  — 

g"  -  5-2122^^  +  5-8952(?«  -  91-3741^?'  -  319-00175*  -  41-05305^ 
+  368-9150^2  +  92-00635  -  60-7033  =  0. 

Which  leads  to  p^^lOq—  -13-4000  and  thence  to  the  components 
given  in  Table  I.  and  shown  in  Chart  XV.     P  =  -36. 

Human  Strain  X. 

Mean=   23-57 

^,=     8-1298  ^3=     5-0964 

^f^  =  174-6051  -  ;i,  =  335-3301 

Eeducing  nonic:  — 
<7«  -  -8286?^  +  -038965«  +  -08340^^  -  -160565*  -  -04972^^  -  -000,684, 35^ 
+  -000,638,85 --000,017,5  =  0. 

Here  no  real  negative  root  of  the  equation  appears  to  exist,  and 
therefore  no  resolution  into  two  suitable  normal  distributions  results. 

This  distribution  is  not  far  from  symmetrical,  ^1  =  0-0483  and 
^o  =  2-6418.  A  single  normal  curve  does  not  give  a  bad  general 
representation  of  this  distribution.  Chart  XVI.  P=-16.  The 
similarity  between  this  distribution  and  those  of  Strains  IV.  and  V.  is 
shown  by  the  value  of  the  constants,  and  also  by  the  value  of  y^  as 
obtained  from  the  formula : 


L       /  +  /'        J 


Comparing  strain  X.  with  strains  IV.  and  V.,  j;=^  =  18-02  and  P  =  -26. 
The  satisfactory  nature  of  the  resolution  in  the  case  of  strains  IV. 
and  V.  contrasts  curiously  with  the  difficulty  experienced  in  regard  to 
strain  X. 

The     evidence,    therefore,    for     dimorphism,    if     judged     by     the 
analysis  of  this  strain,   is  not  very  convincing  and  inspection  of  the 
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graph  does  not  suggest  a  bi-modal  distribution.  Nevertheless,  this 
was  the  strain  chosen  by  the  Commission  with  which  to  carrv  out 
some  experiments  on  dimorphism. 

Six  rats,  it  is  stated,  were  each  inoculated  with  one  trypanosome 
of  this  strain.  Three  successful  results  were  obtained,  but  only  two 
of  them  are  recorded  in  the  Eeport ;  these  are  referred  to  below  as 
strain  X,  A  and  B.  The  Commissioners  state  (p  55) — "  As  will  be 
seen  from  the  following  curves,  from  the  single  long  and  slender  type, 
short  and  stumpy,  intermediate  and  long  and  slender  forms  resulted." 
.  .  .  "  From  these  three  experiments  "  (two  only  are  given) 
"  then,  it  may  be  concluded  that  in  the  dimorphic  Trypanosome 
causing  disease  in  man  in  Xyasaland,  a  single  species  is  being  dealt 
with."  This  conclusion  does  not  seem  to  me  to  necessarily  follow 
from  the  experiments  recorded,  without  at  least  some  further 
analysis.  The  fact  that  all  forms  are  reproduced  from  one 
trypanosome  does  not  surely  prove  the  species  dimorphic,  if  the 
standard  deviation  is  not  increased ;  the  normal  variability  of  a 
monomorphic  type  would  lead  to  a  similar  phenomenon.  The 
distribution  of  strain  X.A  is  not,  on  inspection,  obviously  dimorphic, 
any  more  than  strain  X.  itself  was,  whilst  strain  X.B  is  almost 
obviously  so.  On  analysis,  however,  both  are  found  to  be  bi-modal 
with  similar  positions  for  the  modes  ;  the  relative  areas  of  the  two 
components  are,  however,  dissimilar.     Thus — 

Human  Strain  X.  A. 

Mean=   22-242 

u.=     6-2121  /Z3=     5-5693 

'^',  =  106-5572  ^,  =  223-2602 

Reducing  nonic: — 

f/  -  -3224735'  +  -046532^  -  •llS20q'  -  -165815*  -  -017675^  +  -005,668,452 
+ -000,354,65 --000,029,84  ==0. 

And  the  root  p.  =  105= -3-1014,  which  leads  to  the  components 
given  in  Table  I.  and  shown  in  Chart  XVII.     P  =  -53. 

Human  Strain  X.B. 

Mean=   23-760 

^u=     8-3971  fis=     1-^125 

^^^  =  161-7553  „.  =  157-5837 

Reducing  nonic:  — 

g9  - 1-74225^  +  -0054875^  +  -927425^  -  -033755*  -  -139885^  -  -00237g= 
+ -000,026,635  - -000,000,049  =  0. 
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Whence  the  root  P2  =  10q=  -4:-d550,  which  leads  to  the 
components  given  in  Table  I.  and  shown  in  Chart  XVIII.     P  =  -99. 

We  may  now  consider  what  deductions  can  be  drawn  from  the 
foregoing  analyses  of  the  human  strains  from  Nyasaland.  With  the 
exception  of  strains  II. B,  III.,  VIII.  and  X.  these  strains  are  all 
capable  of  resolution  into  two  normal  components  by  mathematical 
analysis.  The  variation  in  position  of  the  mean  of  the  first  component 
is  from  18-3246  to  22-7695,  and  of  the  second  component  from  25-1799 
to  27-7568  microns.  Such  variations  are  much  too  great  to  be 
accounted  for  by  errors  of  sampling;  to  what,  then,  may  they  be 
attributed?  Firstly,  we  may  consider  whether  the  variation  is  due  to 
differences  in  technique  in  the  preparation  of  the  slides,  and  to 
personal  error  of  the  observers.  This,  I  think,  can  be  excluded  as  the 
cause,  for  the  following  reasons:  if  greater  shrinkage  took  place  on 
certain  slides  than  on  others  it  would  not  be  likely  to  affect  one  strain 
more  than  another,  because  many  slides,  prepared  on  different  days, 
were  used  in  obtaining  the  distributions,  and  the  values  of  the  means 
of  the  two  components  are  not  correlated  to  any  extent.  If  this  were 
the  explanation  one  would  expect  that  the  means  of  both  components 
would  be  either  in  excess  or  defect  of  the  average:  it  will  be  noted 
that  a  low  value  for  one  component  is  sometimes  associated  with  a 
high  value  for  the  other.  Secondly,  the  difference  in  the  animals 
from  which  the  strain  was  obtained  for  measurement  cannot  account 
for  the  difference,  for  only  measurements  obtained  from  rats  have 
been  dealt  with. 

It  would  seem  possible,  however,  that  the  passage  of  strains 
through  different  mammalian  hosts  between  man  and  the  rat  might 
influence  the  type  of  the  distribution ;  a  study  of  the  components  of 
the  human  strains  must  therefore  be  made  in  conjunction  with  the 
information  in  regard  to  previous  passages  of  the  trypanosome  through 
animals,  as  recorded  by  the  Commission  on  page  43  of  the  Report. 

It  will  be  noted  that,  in  regard  to  the  first  component,  strains 
II. B,  IV.  and  V.  show  close  similarity  but  differ  considerably  from 
the  remaining  human  strains  in  regard  to  the  position  of  the  mean, 
the  value  being  about  2  microns  in  excess  of  the  mean  of  the  remainder. 
This  is  also  true  both  of  the  second  component  of  these  strains  and  of 
strain  I.  The  first  five  of  these  human  strains  differ  from  the  last 
five,  and,  if  we  exclude  strain  III.  as  being  totally  different  in 
character,  the  variation  in  the  two  groups  appears  to  consist  in  an 
increase  of  the  modal  length  of  the  components.  In  the  first  group 
the  dog  was  the  intermediate  host  between  man  and  the  rat ;  in 
strains  II.,  IV.  and  V.  it  was  the  only  intermediate  host;  while  in 
strain  I.  the  measurements  were  obtained  from  several  rats  which  had 
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been  inoculated  from — in  one  case  a  monkey,  in  another  a  dog,  wliilst 
in  two  otiiers  both  a  monkey  and  a  guinea-pig  were  the  intermediate 
hosts.  This  variation  in  previous  treatment  may  account  for  the 
difference  between  strain  I.  and  strains  II. B,  IV.  and  V. 

In  strains  VI.  and  IX.  the  intermediate  host  was  a  monkey  and 
both  these  strains  are  capable  of  resolution  into  two  normal 
components. 

In  strains  VII.,  VIII.  and  X.  the  blood  from  the  human  patient 
was  inoculated  directly  into  the  rat  from  which  the  measurements  were 
made.  Strain  VII.  is  capable  of  resolution  into  two  components,  but 
the  fit  of  the  resulting  components  to  the  original  distribution  is  worse 
than  that  for  any  other  bi-modal  resolution  in  the  table,  and  a  study 
of  the  distribution  appears  to  me  to  suggest  that  it  is  of  a  more  complex 
character.  The  remaining  strains,  VIII.  and  X.,  have,  so  far  as  I  can 
find,  no  suitable  root  to  the  nonics,  and  are  not,  therefore,  strictly 
capable  of  resolution  into  two  normal  components.  In  the  case  of 
strain  X.  subsequent  passage  through  rats  from  single  trypanosomes 
resulted  in  distributions  which  resolved  into  closely  similar  components 
differing  only  in  their  relative  areas. 

It  does  not  appear,  therefore,  that  this  investigation  supports  the 
contention  of  the  Commission  (p.  43)  that  "  on  comparing  the  curves 
of  the  ten  strains,  it  cannot  be  said  that  the  passage  from  dog  to  rat, 
or  from  monkey  to  rat,  or  direct  from  man  to  rat  has  had  any  marked 
influence  on  the  character  of  the  curve."  It  is  no  doubt  true  that 
simple  inspection  of  the  graphs  does  not  reveal  the  differences,  but  it 
has  already  been  pointed  out  that  this  method  of  examining  the 
distributions  is  quite  inadequate. 

If  the  above  conclusions  are  accepted  it  will  be  agreed  that  for 
measurement -distributions  to  be  of  value  in  guiding  the  observer  to 
the  differentiation  of  species  of  trypanosomes  not  only  must  a  proper 
analysis  of  the  distribution  be  made  but  the  animal  hosts  through 
which  the  trypanosomes  are  passed  must  be  the  same.  Further, 
there  is  a  certain  amount  of  evidence  to  suggest  that  passage  through 
various  animals  may  definitely  modifs-  the  type  and  possibly  eliminate 
a  component  of  the  distribution.  The  number  of  animal  passages  may 
also  be  a  factor  of  importance. 

The  above  enquiry,  while  providing  a  possible  explanation  of  some 
of  the  characteristics  of  the  components,  as  determined  by  analysis, 
has  not  thrown  any  light  on  two  difficulties,  namely,  the  difference 
between  the  strains  II. A  and  II. B,  and  the  peculiarities  of  strain  III. 
It  is  possible  that  more  detailed  information  as  to  intermediate  hosts, 
etc.,  might  have  helped  in  elucidating  the  problems. 
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With  respect  to  the  results  as  they  stand  in  Table  I.  the 
following  points  may  be  noted: — 

(a)  The  mean  of  the  first  component  of  the  Nyasaland  human 
strains  is  rather  larger  than  that  of  the  other  distributions  given  in 
the  table,  but  this  is  due  to  the  inclusion  of  strains  II. B,  IV.  and  V., 
which  have  means  considerably  in  excess  of  the  remaining  strains  in 
the  group. 

(b)  The  same  remarks  are  true,  but  to  a  lesser  extent,  in  regard 
to  the  position  of  the  means  of  the  second  component. 

(c)  In  both  components  the  mean  of  the  coefficients  of  variability 
is  smaller  for  the  Nyasaland  human  strains  than  for  the  remainder  of 
the  strains.  The  Nyasaland  game  strains  (Wild  Game  strain,  Mzimba 
strain  and  Liwonde  strain)  have,  however,  coefficients  of  variability 
for  their  first  component  more  closely  comparable  with  the 
Nyasaland  human  strains  than  with  the  other  members  of  the  group, 
but  the  dispersion  of  the  second  component  in  the  first  two  examples 
referred  to  is  considerably  greater  than  that  of  the  Nyasaland  human 
strains. 

(d)  It  is  curious  to  note  that  there  is  a  closer  agreement 
between  the  components  of  T.  rhodesiense  and  T.  gambiense 
(excluding  the  abnormal  gambiense  strain  discussed  later)  than 
between  T.  rhodesiense  and  the  Nyasaland  human  strains.  This  may 
be  an  artificial  effect  due  to  intermediate  hosts,  treatment  of  slides, 
etc.,  but  sufficient  details  are  not  available  to  enable  a  valid  opinion 
to  be  formed  as  to  the  cause. 

(e)  The  two  examples  of  T.  rhodesiense  are  from  the  same  strain. 
In  reply  to  an  enquiry  on  this  point  Professor  J.  W.  W.  Stephens 
kindly  writes — "  there  is  only  one  strain  of  T.  rhodesiense  in  question, 
which  was  originally  obtained  from  man  ;  the  counts  were  made  from 
subinoculation  in  rats." 

(/)  It  seems  possible,  in  the  light  of  some  experiments  carried 
out  by  the  Commission  in  regard  to  the  "  Naturally-infected  Dog 
Strain,"  that  the  percentage  of  trypanosomes  in  each  group  may  be  a 
function  of  the  age  of  the  strain  in  the  rat,  but  whether  this  difference 
in  ratio  of  number  in  each  group,  even  if  confirmed,  be  correlated  with 
a  shifting  in  the  position  of  the  mean  is  a  further  point  for 
investigation.  The  Commission  writes  (p.  95) — "  The  short  and  stumpy 
and  the  intermediate  forms  have  almost  disappeared,  and  only  the  long 
and  slender  survive."  .  .  .  "  The  percentage  of  the  long  and 
slender  gradually  increases  until,  at  the  end  of  17  passages  "  (through 
rats)  "it  reaches  100%."  The  estimations  are  based  simply  on 
inspection  of  the  distributions  and  no  graph  showing  a  unimodal 
distribution  is  given  in  the  report.     The  following  extract  (p.  82)  does 
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not,  however,  support  this  view: — "  It  has  usually  been  thought  that 
a  trypanosome  kept  under  laboratory  conditions,  and  without  the 
opportunity  of  passage  through  its  invertebrate  host,  the  tsetse  fly, 
would  tend  to  change  in  morpholog;^-.  These  curves,  on  the  other 
hand,  show  that  a  trypanosome,  after  passage  through  horses  and 
cattle  for  some  years — exact  time  unknown — is  unchanged  by  three 
passages  through  its  invertebrate  host,  G.  morsitans.'^  Xo  attempt  is 
made  to  reconcile  these  divergent  statements.  In  regard  to  the  latter 
the  experiments  were  carried  out  with  T.  brucei  and  the  evidence  in 
support  of  the  opinion  expressed  does  not  seem  to  me  to  warrant  the 
conclusion  drawn,  but  the  point  will  be  referred  to  again  when  strains 
of  T.  brucei  are  considered. 

(g)  An  inspection  of  the  histograms  of  these  strains  will  show 
how  greatly  the  general  appearance  may  vary.  In  some  cases  there 
is  very  little  evidence,  on  inspection,  of  bi-modality  and  the 
distribution  may  be  fairly  well  represented  by  a  single  normal  curve, 
while  in  others  the  compound  nature  of  the  distribution  is  evident  at 
a  glance. 

In  view  of  the  difficulty  of  resolving  the  Xyasaland  human 
strain  III.,  and  the  result  obtained,  the  Tanganyika  strain  of 
T.  gambiense  II.,  the  histogram  of  which  had  a  somewhat  similar 
general  appearance,  was  analysed. 

T.  gambiense,  Tanganyiha  Strain  II.  (rat). 
Mean=     25 -85 

iu.=     24-8322  ^3=     4.5-6347 

;a,  =  1195-4210  ^a5  =  40r7-1344 

Reducing  nonic: — 
q^  -  22-90715^  +  3-12378$*  +  60-48935^  -  653-47015-'  -  1246-515.5g3 
-25-6129^-  + 113-5379(7 -9-0317  =  0. 

Whence  ^,  =  105=  —19-4366,  and  the  components  are  as  given  in 
Table  I.  and  shown  by  the  dotted  lines  in  Chart  XIX.  Here  P  =  -01, 
which  is  not  a  satisfactory  value.  It  is  clear,  however,  that  the  first 
component  does  not  even  approximately  represent  the  observations. 
The  area  of  the  original  distribution  not  represented  by  the  second 
component  (with  slight  alteration  at  the  tail) ,  was  therefore  analysed 

The  reducing  nonic  is: — 

q^  - 1-0293?^  +  -122o25«  -  -48418g^  -  l-lllSO^*  -  -30521$'  +  -04750?= 
+ -00785 --00054  =  0. 

Whence  p,  =  10</= -4-8305,  leading  to  components  as  given  in 
Table  I.  and  shown  in  Chart  XIX. 
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The  value  of  P  for  goodness  of  fit  of  these  components  with  the 
second  component  of  the  first  reduction  is  -82.  Although  this  result 
is  satisfactory  the  distribution  represented  by  the  second  component 
of  the  original  reduction  does  not  appear  to  be  properly  represented  by 
a  single  normal  curve ;  this  area  was  therefore  treated  as  the  former. 

The  reducing  nonic  is: — 

c/  -  -79520^^  +  •00440g«  +  l-8540g=  -  •14225^^  -  -158752^  -  -003732= 
+  -000,078^-  -000,000,025  =  0. 

Whence  p2  =  10q=  —2-4:753  and  the  components  are  as  given  in 
Table  I.  and  shown  in  the  chart.  For  the  four  components  P=-99. 
Thus  the  final  resolution  arrived  at  resembles  that  for  Nyasaland  human 
strain  III.,  and  a  similar  explanation  maj^  account  for  the  result. 
Unfortunately,  however,  sufficient  details  as  to  the  history  and 
treatment  of  the  strains  is  not  given  in  the  report  to  enable  one  to 
form  much  of  an  opinion  as  to  the  soundness  or  otherwise  of  the 
hypothesis  suggested.  These  reductions  are,  however,  further  evidence 
in  regard  to  the  uselessness  of  mere  inspection  of  graphs  of  such 
distributions  for  purposes  of  classification. 

An  example  of  the  wild  game  strain  and  the  Mzimba  strain  has 
been  analysed  by  Professor  Pearson  and  the  results  are  quoted  in 
Table  I.  An  additional  analysis  of  "such  a  strain  is  here  given;  the 
strain  was  chosen  because  it  did  not  exhibit  any  feature  of  bi-modality 
on  inspection. 

Lhvonde  Strain  XXII. 

Mean  =  22-986 

iu.=   5-0345  ^3=    1-2030 

^4  =  69-3936  1^3  =  19-2695 

p^=  0-0113  ^2=  2-7379 

These  constants  show  that  the  distribution  is  nearly  symmetrical. 
On  inspection  of  the  histogram  there  is  no  evidence  of  bi-modality,  and 
it  is  well  fitted  by  a  single  normal  curve,  as  will  be  seen  on  reference  to 
(]hart  XX.     P  =  -62. 

The  reducing  nonic,  however,  is:  — 

(/  -  -23254^^  +  •00217l2«  +  -000987g^  -  -015205*  -  -001826q'' 
+ -000,005,32^2 +  000,000,557fi- 000,000,003  =  0. 

Which  gives  the  root  ^2  =  109'=  ~  1*2554  and  the  components 
shown  in  Chart  XX.  P=-95.  So  that,  although  one  was  almost 
justified  in  regarding  this  example  as  unimodal,  analysis  has,  however, 
demonstrated  the  compound  nature  of  the  distribution. 
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T.  brucci  Strains. 


The  resolution  of  strains  of  T.  brucei,  for  some  reason  or  other, 
appears  to  give  rise  to  peculiar  difficulty.  Professor  Pearson  in 
discussing  a  strain  of  this  trypanosome  remarks: — "  But  the  evidence 
for  dimorphism  has  largely  disappeared."  No  suitable  root  for  the 
reducing  nonic  could  be  found.  In  two  of  the  five  distributions  of 
T.  brucei  dealt  with  below  the  reducing  nonic  had  apparently  no 
suitable  root,  and  the  solution  obtained  in  a  third  cannot  be  considered 
as  satisfactory.  There  are  difficulties,  moreover,  in  regard  to  the 
interpretation  of  the  solution  in  another  example.  These  four 
examples  are  all  from  strain  No.  XXV.  and  the  only  satisfactory 
resolution  is  for  Zululand  strain  1896.  This  latter,  however,  gives 
components  with  means  markedly  different  from  any  which  could 
possibly  be  obtained  as  a  solution  to  the  distributions  of  strain  XXV. 

T.      brucei     XXV. — The     original     strain     before     passage     through 
G.  morsitans. 

Mean=   20-832 

^2=     3-7404  ^3=     4-7279 

^,=   55-0186  ^^3  =  209-3757 

Pi=     0-4271  ^3=     3-9325 

Eeducing  nonic: — 

q^  +  -45660^^  +  •03353g«  +  -10996^^  +  -046015*  -  -0005352'  -  -002035^ 
- -0002612 --000,011,17  =  0. 

No  suitable  root  could  be  found,  nor  was  a  possible  solution 
obtained  by  putting  trial  values  for  p,  i^  the  equation  for  p^.  The 
distribution,  although  it  does  not  show  any  marked  feature  of 
bi-modality,  is  not,  as  can  be  seen  from  the  values  for  ^^  and  ^2' 
satisfactorily  represented  by  a  single  normal  curve.  P=-002,  Chart 
XXI. 

This  distribution  is  similar  to  those  stated  to  be  obtained  from 
the  naturally-infected  dog  strain,  after  many  passages  through  rats,  in 
that  it  appears  on  inspection  to  have  lost  its  dimorphic  character. 
In  this  case,  however,  it  is  the  smaller  component,  the  short  and 
stumpy  type,  which  has  persisted  instead  of  the  long  and  slender  type 
as  in  the  dog  strain.  This  apparent  disappearance  of  the  dimorphic 
character  of  the  trypanosome  with  age  and  frequent  animal  passage 
does  not  seem  to  be  a  constant  phenomenon. 

Tlie  next  example  is  of  a  strain  of  T .  brucei  very  much  older  tlian 
that  just  discussed ;  it  is  nevertheless  markedly  dimorphic  in 
character. 
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T.  brucei,  Zululand  Strain  1896. 

Mean=     22-515 

//,=     36-2464  ^3=     69-9189 

^4  =  2213-8431  ^5  =  9786-8190 

Reducing  nonic: — 
^9  _  60-465g'  +  7-3335«  +  792,895^  -  3377-435^  -  13969-44g'^  -  2234-76^2 
+  1651-48^-116-83  =  0. 
The  root  P2  =  10g'= -30-5770,   which  leads  to  the  components  as 
given  in  Table  I.  and  shown  in  Chart  XXII.    P=-44. 

To  return   to   a   consideration   of   strain   XXV. — This   strain   was 
passed  through  G.   morsitans  three  times. 

T.  brucei  XXV. — After  first  passage  through  G.  morsitans. 

Mean=   22-366 

^f2=   10-5887  ^3=     22-3631 

^,  =  304-0286  ^,  =  1478-8279 

Reducing  nonic :  — 
5«  - 1-  1817g^  +  •150mcf  -  5-5731g=  -  8-9208g*  +  -070135=*  +  2-8460?^ 
+  -32348g- -12508  =  0. 
Which    gives    a    root    ^2  =  10^= -6-4042,    which    leads    to    the 
components  given  in  Table  I.  and  shown    in  Chart   XXIII.     P  =  -015. 
This  resolution,  therefore,  cannot  be  considered  salEisfactory,  and  an 
inspection  of  the   graph   will   show    that   no  two  normal  components 
could    be    expected    to     properly     represent     the     distribution.       The 
passage   of  this   trjpanosome   through   the   tsetse   fly   has   apparently 
profoundly    modified    the    type,    the    distribution    being    now     clearly 
multimodal.      The  explanation  of  this  change,  however,  is  not  evident, 
as  further  passages  through  the  fly  result  in  an  apparent  loss  of  this 
character. 

T,  brucei  XXV. — After  second  passage  through  G.  morsitans. 

Mean  =  19-73 

^2=   5-1578  fx,=     3-4670 

^<,  =  83-9936  ^,  =  140-8048 

P^=  0-0851  %=     3-1710 

In  this  example,  as  the  values  of  the  ^'s  show,  a  single  normal 

curve  will  give  a  fair  representation  of  the  distribution.     Fitted  with 

a  normal  curve  as  shown  in  Chart  XXIV.  P=-19. 

The  reducing  nonic  is:  — 

q^  +  -14651(7^  +  -01793^*^  -  -03297ry=  -  -0015835"  +  -004686^^ 
+  -00041485^  -  -000023775  -  -000001697  =  0. 
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In  this  case  there  were  two  possible  roots,  ^2  =  10^=  — 1'1020  and 
^2  =  10^= —0-5019.  In  the  former  case  P=-75  and  in  the  latter 
P=-88.  Excepting  that  the  means  of  the  components  give  such 
unusual  valvies  it  would  seem  that  the  latter  should  be  accepted  as  the 
correct  analysis.  It  must  be  admitted,  therefore,  that  there  is  some 
difficulty  in  interpreting  the  analysis  of  this  distribution  ;  it  appears  to 
be  bi-modal  but  is  obviously  different  in  type  from  that  obtained  from 
the  first  passage  through  G.  morsitans.  The  two  sets  of  components 
are  given  in  Table  I.  and  shown  in  Charts  XXV.  and  XXIV. 

T.  brucei  XXV. — After  third  passage  through  G.  morsitans. 

Mean  =  21-194 

;<2=   5-0290  ^<3=     5-3953 

^4  =  78-3542  ;^5  =  253-0555 

,p,=  0-2289  ^2=     3-0981 

The  reducing  nonic  is:  — 

q^  +  -08683^^  +  -043662«  -  -02727g^  +  -01085^*  +  -011286?="  +  -000,814$= 
-  -000,084,08$  -  -000,024,67  =  0. 

No  suitable  root  to  this  nonic  could  be  found,  nor  was  any 
solution  obtained  by  putting  trial  values  for  p,  ^^  the  equation  for  p^. 
The  general  character  of  the  distribution  is  moderately  well  represented 
by  a  single  normal  curve,  although  the  fit  is  not  good.  P  =  -06.  Chart 
XXVI. 

The  Commission  sums  up  the  results  of  these  experiments  as 
follows  (p.  82) — "  From  this  curve  "  {i.e.,  after  third  passage)  "  it 
will  be  seen  that  three  passages  through  G.  morsitans  has  had  little  or 
no  effect  in  changing  the  character  of  this  trypanosome  as  regards 
distribution  of  length." 

It  seems  to  me  that,  even  if  we  ignore  the  distributions  after 
first  and  second  passages,  this  conclusion  is  not  justified  on  the 
evidence  submitted.  It  is  true  that  the  distribution  after  third 
passage  has  some  general  resemblance  to  that  obtained  before  passage 
through  the  tsetse,  but  even  if  judged  by  inspection — regarding  the 
population  as  homogeneous — it  is  140  to  1  against  the  distributions 
being  derived  from  the  same  population.  If,  on  the  other  hand,  we 
take  into  account  the  evidence  of  the  effect  of  the  previous  passages 
through  the  fly  it  seems  clear  that  passage  through  the  tsetse  very 
profoundly  modifies  the  type.  The  apparent  similarity  may,  therefore, 
be  simply  a  coincidence  and  even  mask  a  fundamental  difference  in 
type.      The  statistical  resolutions  are  unfortunately  inconclusive,  and 


192  The  Try'pano somes  of  Sleeping  Sickness 

it  does  not  seem  to  me  wise  with  the  limited  data  at  present  available 
to  draw  any  conclusions  as  to  the  effect  of  passage  through  the  tsetse 
fly.  The  fundamental  type  of  the  distribution,  by  which  expression 
I  refer  to  the  position  and  character  of  the  components  and  not  to 
their  relative  areas,  may  or  may  not  be  altered,  but  until  this  strain 
is  shown  to  be  truly  mono-,  di-  or  multi-morphic  no  satisfactory  answer 
will,  I  believe,  be  obtainable.  At  present,  unfortunately,  there  are 
mathematical  difficulties  to  be  overcome  before  a  definite  opinion  on 
this  point  can  be  given. 

Professor  Pearson  in  summarising  the  results  of  his  investigation 
into  the  statistical  analysis  of  dimorphic  trypanosome  distributions 
writes — "  I  think  we  may  conclude  that,  allowing  for  the  errors  of 
random  sampling  and  the  errors  arising  from  the  resolving  process, 
the  deviations  observed  in  the  variability  of  our  two  components  do 
not  invalidate  the  hypothesis — 

(1)  That  the  widely  divergent  results  obtained  from  different 
strains  are  due  to  the  existence  in  the  same  individual  of  two  types 
of  trypanosome  with  very  varying  percentages  from  individual  to 
individual. 

(2)  That  one  of  these  types  has  a  mean  length  of  about  19-8 
microns  and  a  variability  of  about  1-8  microns,  the  other  a  inean  of 
about  26-0  microns  and  a  variability  of  about  3-0  microns.  The  means 
may  vary  one  or  two  microns  with  the  nature  of  the  host  and  the 
variability  0-5  to  1  micron." 

We  may  ask,  how  far  does  the  present  enquiry  bear  out  these 
conclusions:'  In  regard  to  the  first  point  there  seems  no  doubt  that 
the  divergent  results,  not  only  in  regard  to  different  strains  but  in 
dift'erent  saixiples  of  the  same  strain,  are  largely  due  to  this  cause. 
The  position  of  the  means  of  the  two  components,  as  given  above,  is 
confirmed  by  these  further  analyses ;  but  the  variability  both  of  the 
means  and  standard  deviations  is  rather  larger  than  that  suggested. 
There  is  also  some  reason  for  thinking  that  not  only  the  animal  from 
which  the  count  is  made,  but  the  previous  mammalian  hosts  may 
affect  these  measurements. 

At  present  these  analyses  are  too  few  in  number,  and  the 
treatment  of  the  trypanosomes,  by  animal  passages  and  so  forth,  has 
not  been  sufficiently  uniform  to  enable  any  definite  conclusions  to  be 
drawn  in  regard  to  classification  by  this  morphological  featvu'e. 
There  are,  however,  certain  indications  which  suggest  that  there  are 
morphological  differences  between  the  Nyasaland  human  strains,  the 
Nyasaland  game  strains,  and  the  Zululand  T.  hrucci  strains. 
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The  coefficient  of  variability  in  the  human  strains  does  not  differ 
much  in  the  two  components  ;  either  may  be  the  larger,  although  on 
the  average  that  with  the  greatest  mean  has  a  slightly  greater 
variability.  In  the  Nyasaland  game  strains  the  second  component  has 
a  very  considerably  greater  variability  than  the  first,  while 
apparently  this  feature  tends  to  be  reversed  in  the  hrucei  strains.  The 
means  of  the  components  of  the  human  strains  tend  to  be  a  little 
greater  than  those  of  the  game  strains  ;  this  is  most  marked  in  respect 
to  the  second  component  of  the  Nyasaland  game  strains.  The  want  of 
correspondence  between  the  variability  of  the  Xyasaland  human  strains 
and  that  of  the  two  samples  of  the  human  strain,  T.  rhoclesiense,  is 
striking.  This  may  be  accounted  for  either  by  different  treatment  or 
age  ;  if  the  latter  be  the  explanation,  in  whole  or  in  part,  it  is  another 
example  of  the  importance  of  uniformity  of  treatment  if  measurements 
are  to  be  of  value  for  classification. 

It  is,  I  think,  impossible  with  our  present  knowledge  to  form  any 
sound  judgment  as  to  whether  these  differences  are  merely 
accidental,  or  whether  their  existence  would  be  confirmed  when 
further  examples  had  been  analysed  ;  and  if  confirmed  whether  such 
differences  are  sufficient  to  warrant  the  groups  being  considered  as 
distinct  species. 

It  seems  probable,  however,  that  length-measurements,  if 
submitted  to  proper  analysis,  may  be  oi  great  value  in  the  study  of 
trypanosome  strains.  For  the  present  it  is  possible  that  their  chief 
use  would  be  to  indicate  difficulties  and  give  hints  as  to  the  lines  of 
investigation  necessary  for  their  solution.  When  more  information 
has  been  accumulated  the  measurements  themselves  may  become  of 
intrinsic  value  for  purposes  of  classification.  On  the  other  hand,  if 
these  measurements  are  used  without  suitable  analysis  thej'  are 
without  any  scientific  value,  and  we  can  endorse  Yorke  and  Blacklock's 
conclusion,  previously  quoted,  that  "  the  character  of  the  biometric 
curves  affords  no  assistance  in  diagnosis."  It  would  be  no  more  just, 
however,  to  abandon  this  method  of  research  as  useless  because  a 
technical  analysis  is  required  for  its  interpretation  than  it  would  be 
for  the  public  health  official  to  give  up  the  collection  of  samples  of 
drinking  water  because  inspection  of  the  water  gives  no  safe  guide  to 
its  chemical  and  bacterial  qualities. 

There  are  undoubted  difficulties  in  the  interpretation  of  some  of 
these  analyses,  but  it  is  possible  that  some  or  even  many  of  the  points 
at  present  obscure  might  be  elucidated  if  all  the  circumstances  were 
known.       Neither  the   difficultes  nor  the  laborious   character  of    the 
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arithmetical  work  justify  our  abandoning  any  line  of  investigation 
which  may  be  of  assistance  in  solving  the  important  problems  of 
trypanosome  infections. 

This  incomplete  investigation  has,  however,  demonstrated  that 
there  is  no  scientific  justification  for  classifying  as  identical,  from 
length-measurements,  the  T.  brucei,  the  T.  rhodesiense,  the  human 
Nyasaland  strains,  and  the  Nyasaland  wild  game  strains,  unless 
indeed  all  the  dimorphic  strains,  including  T.  gambiense,  are  to  be 
considered  merely  as  variants  of  one  species  of  trypanosome.  As  above 
stated,  there  are  some  reasons  for  regarding  them  as  probably 
different,  but  until  uniformity  of  treatment  is  adhered  to  it  seems 
unlikely  that  much  real  information  will  be  obtained  from  this  method 
of  investigation. 

2.  "  Have  they  the  same  habits  and  actions  when  alive?" 

This  is  a  question  with  which  the  Commission  deals  very  briefly ; 
it  states — "  They  "  (T.  brucei  and  T.  rhodesiense)  "  are  also  alike  in 
habits  and  actions  when  alive."  Unless,  however,  other  dimorphic 
trypanosomes  differ  from  these  species  in  habits  and  actions  their 
similarity  in  this  respect  can  be  of  little  value  for  purposes  of 
classification. 

3.  "  Do  the  trypanosomes  infect  the  same  animals  and  kill  them 
in  the  same  time?" 

In  regard  to  this  method  of  differentiating  the  species  of 
trypanosomes  the  Commission  has  carried  out  a  considerable  amount  of 
work,  the  chief  results  of  which  may  be  briefly  summarized  in  the 
following  tables:  — 

TABLE    II. 

Average  number  of  days'  illness  before  death. 


Strain. 

Goat. 

Monkey. 

Dog. 

Eat. 

Eabbit. 

Guinea-pi 

Human  

.      42 

26 

24 

30 

28 

67 

Wild  Game 

46 

38 

41 

32 

— 

— 

G.  morsitans 

.     54 

38 

29 

26 

47 

81 

T.  brucei 

.     77 

29 

18 

27 

33 

44 

Liwonde  

.     33 

41 

28 

26 

— 

84 

Nat.    Inf.    Dog 

E 

E 

37 

48 

182 

E 

T.    gambiense    .. 

.      E 

159 

96 

137 

— 

264 
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TABLE     III. 


Percentage  of  recoveries  in  infected  animals. 


Strain. 

Goat. 

Monkey. 

Dog. 

Eat. 

Babbit. 

Guinea-pig 

Human   

0 

0 

0 

0 

0 

0 

Wild  Game 

0 

0 

0 

0 

— 

— 

G.    morsitans    .. 

6 

7 

4 

0 

0 

0 

T.  hrucei  

0 

0 

0 

0 

0 

0 

Liwonde 

n 

0 

0 

0 

0 

0 

Nat.  Inf.  Dog  .. 

luo 

100 

21 

0 

0 

100 

T.    gambiense    .. 

lOU 

64 

0* 

23 

— 

0* 

*A  number  of  experiments  negative — i.e.,  inoculated  animals  did  not  develop 
trypanosomes.  Tbe  four  dogs  -which  showed  trypanosomes  all  died ;  out  of  14 
guinea-pigs  inoculated  only  one  developed  trypanosomes,  and  it  died. 

Among  the  conclusions  drawn  from  these  results  by  the 
Commission  are  the  following: — "  The  pathogenic  action  on  various 
animals  of  the  Human  Strain,  the  Wild  Game  Strain,  and  the  Wild 
G.  morsitans  Strain  is  so  much  alike,  that  it  may  be  concluded  that 
they  all  three  belong  to  the  same  species  of  trypanosome."  (p.  115.) 

"  The  pathological  action  on  various  animals  of  the  Liwonde  Strain 
is  so  much  like  that  of  the  Human  Strain  that  it  may  be  concluded 
that  these  two  belong  to  the  same  species  of  trypanosome."  (p.  119.) 

"  The  pathogenic  action  of  T.  hrucei,  Zululand  1913  Strain  XXV., 
on  various  animals  is  so  similar,  not  only  in  regard  to  the  symptoms 
during  life  but  also  in  the  post-mortem  appearances  and  rate  of 
mortality,  to  that  of  the  trypanosome  causing  disease  in  man  in 
Nyasaland,  that  it  aSords  another  proof"  (the  italics  are  not  in  the 
original)   "that  these  two  trypanosomes  are  identical."     (p.  125.) 

"  The  Commission  is  of  opinion  that  this  "  (the  Naturally-infected 
Dog  Strain)  "is  an  aberrant  or  exceptional  variety  of  strain  of  the 
Trypanosome  causing  disease  in  Man  in  Nyasaland — Trypanosoma 
hrucei  vel  rhodesiense."     fp.  134.) 

All  the  strains,  therefore,  quoted  in  Table  II.,  with  the  exception 
of  T.  gamhiense,  belong,  in  the  opinion  of  the  Commission,  to  the 
same  species,  which  it  terms  T.  hrucei  vel  rhodesiense.  If  different 
strains  of  the  same  species  can  show  such  differences  as  are  exhibited 
by  the  naturally-infected  dog  strain  and,  say,  the  T.  hrucei,  clearly 
great  caution  must  be  exercised  before  it  is  safe  to  draw  unsupported 
conclusions  from  this  method  of  differentiating  species.      In  regard  to 
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goats,  monkeys,  and  guinea-pigs  there  is  a  greater  difference  between 
the  dog  strain  and  the  remaining  Nyasaland  trypanosomes  than 
between  the  T.  ga)nbiense  and  this  strain.  It  is  somewhat  curious, 
if  this  naturally-infected  dog  strain  is  really  only  an  aberrant  strain  of 
T.  brucci,  that  it  should  show  so  little  difference  in  regard  to  its 
virulence,  as  judged  by  days-of-illness  before  death,  in  the  dog  and  to 
a  lesser  extent  in  the  rat,  and  yet  so  marked  a  difference  with  regard 
to  the  other  animals  against  which  it  was  tested. 

If,  however,  smaller  differences  in  virulence  are  to  be  considered 
of  importance,  then  it  seems  doubtful  whether  we  ought  to  consider 
identity  established  when  we  find  it  stated  that  T.  brucei  kills  goats 
on  the  average  in  77  days,  the  human  strain  in  42  days,  and  the  wild 
game  strain  in  46  days.  Although  many  groups  in  these  tables  are 
small,  and  therefore  subject  to  errors  of  sampling  to  a  marked  degree, 
these  particular  differences  are  not  due  to  errors  of  small  samples. 
The  mean  values  are  significantly  different:  for  example,  the  mean 
for  wild  game  strain  is  46  +  5,  and  for  T.  brucei  75  ±  11.  (The  77 
given  in  the  table  by  the  Commission  may  be  a  misprint  for  75,  or  a 
misprint  may  have  occurred  in  the  table  of  individual  cases  ;  the  mean 
of  the  individuals  in  the  group  as  recorded  is  75.)  Further,  for  the 
dog  as  host  T.  brucei  gives  a  mean  of  19  ±  0-6,  and  wild  game  strain 
41  ±  2-7.  Differences  so  great  as  this  would  not  presumably  occur 
owing  to  errors  of  sampling. 

It  appears  to  me,  therefore,  that  this  method  of  classifying  species 
must  be  used  with  caution  and  that  the  results  in  the  present  state  of 
our  knowledge  can  only  be  interpreted  in  conj  unction  with  other 
methods  of  investigation. 

From  the  data  given  by  the  Commission  and  (excluding 
T.  gambieyise)  reproduced  in  Tables  II.  and  III.,  the  reply  to  the 
question  heading  this  section  may,  I  think,  be  given  thus: — These 
trypanosomes  do  not  always  infect  the  same  animals,  nor  kill  them 
in  the  same  time.  Excluding  the  naturally-infected  dog  strain,  the 
reply  to  the  latter  clause  of  the  question  is  also  still  in  the  negative. 
There  are  statistically  significant  differences  in  the  time  which  these 
trypanosomes  take  to  kill  animals,  but  whether  these  differences  are 
sufficient  to  establish  difference  of  species  is  a  further  question,  and 
the  other  methods  of  investigating  the  problem  must  be  examined 
before  any  definite  conclusions  can  be  drawn.  Nor  does  it  seem  to  me 
that  even  if  entire  similarity  in  this  respect  were  established  should 
we  be  justified  in  claiming  "  absolute  identity  "  for  the  strains  if  they 
did  not  show  agreement  in  other  characters.  Yorke  and  Blacklock,  in 
their  paper  already  referred  to,  write  in  this  connection — "  It  is 
obvious,  therefore,  that  great  caution  must  be  exercised  in  expressing 
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an  opinion  as  to  what  is  the  species  of  a  given  tiypanosome  from  the 
length  of  time  which  it  takes  to  kill  laboratory-  animals.  This  is  so  at 
least  in  the  case  of  trypanosomes  maintained  by  artificial  passage 
through  experimental  animals."  It  would  seem,  therefore,  that  in 
regard  to  this  method  of  investigation,  as  in  that  dealing  with 
morphological  characters,  uriiformity  of  previous  treatment  of  the 
strains  is  an  essential  factor  if  the  results  are  to  be  capable  of  useful 
interpretation. 

4.  "  Have  they  the  same  carrier?  and  does  their  growth  or 
development  in  the  carrier  follow  the  same  course".'"' 

This  is  the  fourth  method  by  which  it  is  suggested  similarity  of 
species  may  be  tested.  In  regard  to  the  first  question,  it  has  been 
shown  that  T.  rJiodesiense  may  be  carried  by  G.  morsitans  and  the 
Commission  hold  also  by  G.  brevipalpis.  T.  brucei  is  apparently 
carried  by  G.  morsitans,  although  in  the  original  work  of  Sir  D.  Bruce 
in  Zululand  an  error  apparently  occurred  in  the  classification  of  the 
tsetse  studied  by  him.  Austin  (Handbook  of  the  Tsetse  Fly — page  56) 
writes — "  The  species  of  Tsetse  used  by  Sir  David  Bruce  in  Zululand, 
in  1895-96,  in  the  course  of  his  epoch-making  researches  into  the 
etiology  of  Xagana  now  proves  to  have  been  Glnssina  pnllidipes." 
Yorke  and  Blacklock  write — "  It  was  originally  thought  that  a  given 
trypanosome  could  be  transmitted  by  one  particular  tsetse  only. 
This  is  now  known  not  to  be  so,  T.  gambiense,  for  example,  can 
complete  its  development  in  both  G.  palpalis  and  G.  morsitans. "  The 
Commission  also  showed  that  T.  gambiense  can  complete  its 
development  in  the  G.  morsitans.  Further,  G.  morsitans  is  known  to 
be  the  carrier  of  other  varieties  of  trypanosomes.  The  fact,  therefore, 
that  two  strains  are  carried  by  the  same  tsetse  fly  can  be  of  little 
value  in  assisting  classification. 

In  regard  to  the  second  part  of  the  question,  the  Commission  has 
shown  that  the  cycle  of  development  in  the  G.  morsitans  is  similar  for 
T.  brucei  and  T.  rhodesiense,  in  that  the  early  stage  takes  place  in  the 
gut,  and  the  later  stage  in  the  salivary  glands  of  the  fly.  But  this  is 
also  true  of  the  T.  gambiense  ;  so  that  unless  all  three  species  of 
trypanosomes  are  to  be  assumed  identical  little  weight  can  be  placed 
on  this  similarity  between  T.  brucei  and  T.  rhodesiense  in  furtherance 
of  their  assumed  identity. 

5.  "  Cross-inoculation  experiments.  If  an  animal  has  recovered 
from  an  attack  of  disease  set  up  by  one  of  the  two  trypanosomes,  is 
it  immune  or  non-immune  to  infection  by  the  other?"  At  first  sight 
one  might  expect  that  this  method  should  yield  most  valuable  results 
in  assisting  to  classify  the  various  strains  or  species  of  trypanosomes ; 
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there  are,  however,  considerable  practical  difficulties  to  be  overcome. 
The  Commission  has  carried  out  some  experiments  in  this  connection 
with  the  Naturally-infected  Dog  strain  and  the  Wild  G.  morsitans 
strain  in  relation  to  the  Human  Nyasaland  strain  and  T.  brucei. 
Their  conclusions   (p.   174)   are  as  follows — 

"  The  Naturally-infected  Dog  strain  does  not  protect  animals 
from  the  Human,  Wild  Glossina  morsitans,  and  Zululand,  1913, 
Strains." 

"  The  Wild  Glossina  morsitans  Strain  does  not  protect  against 
the  Human  Strain." 

Further,  neither  the  wild  dog  strain  nor  wild  G.  rnorsitans  strain 
protected  animals  against  T.  brucei. 

The  naturally-infected  dog  strain  was  shown  to  be  unlike  any  of 
the  strains  previously  dealt  with  by  the  Commission,  so  that  although 
it  is  classified  by  them  as  T.  brucei  vel  rhodesiense  this  appears  to  be 
against  the  weight  of  the  evidence.  So  far,  therefore,  as  these 
experiments  go  they  appear  to  indicate  that  the  naturally-infected  dog 
strain  and  the  wild  G.  morsitans  strain  are  distinct  from  human  strains 
IV.  and  V.  and  also  from  T.  brucei  in  their  immunilogical  properties. 
In  the  absence,  therefore,  of  definite  proof  that  these  strains  are 
members  of  the  same  species  this  evidence  gives  rise  to  serious  doubt 
as  to  whether  they  are  even  closely  allied  species.  If  they  should 
prove  to  be  but  different  strains  of  the  same  species  some  explanation 
of  their  difference  in  this  respect  will  be  required. 

Much  work  on  this  aspect  of  the  problem  has  been  carried  out  by 
Laveran,  and  he  considers  that  he  has  established  the  fact  that  the 
T.  rhodesiense  cannot  be  identified  with  T.  brxicei.  Laveran  et 
Nattan-Larrier  (Abstract — Sleeping  Sickness  Bureau,  Vol.  IV.,  page 
54) — "  an  experiment  is  cited  in  which  a  ram  with  immunity  for 
Nagana  showed  infection  after  inoculation  with  T.  rhodesiense.  It 
is  concluded  that  T.  rhodesiense  cannot  be  regarded  as  identical  with 
either  T.  gambiense  or  T.  brucei."  In  a  later  paper  Laveran  describes 
other  experiments  (Abstract — Sleeping  Sickness  Bureau,  Vol.  IV., 
page  135) — "  The  ram  and  sheep  which  had  acquired  immunity  for 
T.  brucei  were  inoculated  with  T.  rhodesiense  ....  both 
animals  had  an  acute  infection.  The  conclusion  is  that  T.  rhodesiense 
is  not  the  same  as  T.  brucei." 

Mesnil  and  Leger  (Abstract — Sleeping  Sickness  Bureau,  Vol.  IV., 
page  211)  have  carried  out  active  immunity  experiments  in  regard  to 
T.  gambiense  and  T.  rhodesiense.  Their  results  indicated  that  a 
closer  relationship  exists  between  T.  gambiense  and  T.  rhodesiense 
than  between  T.  brucei  and  either  of  the  forementioned. 
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These  immunity  experiments  therefore  fail  to  support  the 
contention  that  T.  hrucei  is  closely  related  to  T.  ihodcsiense,  much 
less  that  they  are  identical. 

6.  "  Experiments  on  the  effect  of  various  sera." 

A  few  experiments  on  the  effect  of  sera  on  the  various  strains  of 
trypanosomes  were  carried  out  by  the  Commission,  the  results  of 
which  are  summed  up  as  follows  (p.  165) — "  It  must  be  confessed 
that  very  little  can  be  concluded  from  these  serum  experiments.  They 
are  too  few  in  number,  and  are  only  given  here  to  act  as  a  slight  basis 
for  future  work.  The  evidence  supplied  by  these  few  experiments 
is  in  favour  of  T.  brucci,  Zululand  Strain,  and  the  Wild  G.  morsitans 
Strain,  Nyasaland,  belonging  to  the  same  species,  and  T.  hrucei  vel 
rhodesiense,  Human  Strain,  Nyasaland,  belonging  to  a  different 
species." 

The  trypanolytic  action  of  sera  has  been  studied  by  Leger  and 
Kingenbach  (Abstract — Sleeping  Sickness  Bureau,  Vol.  IV.,  page 
125).  They  found  that  serum  from  an  animal  infected  with  T.  hrucei, 
Zululand  Nagana,  had  no  action  on  T.  rhodesiense,  but  that  a  slight 
effect  was  observed  with  sera  from  animals  infected  with  T.  gambicnse, 
indicating  a  closer  relationship  of  T.  rhodesiense  to  T.  gambiense  than 
to  T.  hrucei — thus  bearing  out  Mesnil  and  Leger's  results  from 
experiments  in   acquired  immunity. 

7.  "  Geographical  Distribution."  In  this  connection  the  authors 
of  the  report  write  (p.  37) — "  The  Commission  thinks  that,  in  addition 
to  the  morphology  and  action  on  animals,  the  geographical  distribution 
of  '  Nyasaland  sleeping  sickness,'  or  '  Trypanosoma  hrucei  disease,' 
is  the  only  way — experiment  on  man  being  impracticable — of 
showing  that  Trypanosoma  hrucei  and  Trypanosoma  rhodesiense  are 
one  and  the  same."  Up  to  this  stage  of  the  enquiry,  in  spite  of  the 
definition  of  T.  hrurd  already  referred  to,  the  report  leads  one  to 
assume  that  the  trypanosome  of  the  Nyasaland  Sleeping  Sickness  was 
regarded  as  T.  rhodesiense,  and  that  the  problem  to  be  solved  was 
whether  this  trypanosome  is  identical  with  T.  hrucei — that  is  the 
trypanosome  of  Nagana  in  Zululand.  Here,  however,  Nyasaland 
Sleeping  Sickness  is  apparently  defined  as  "  T.  hrucei  disease,"  and 
it  now  appears  that  we  are  asked  to  compare  the  organism  of 
Nyasaland  Sleeping  Sickness  with  T.  rhodesiense.  It  is  not,  therefore, 
quite  clear  what  the  Commission  really  means  by  this  sentence,  but  I 
am  inclined  to  think  the  expression  "  T.  hrucei  disease  "  should  here 
be  disregarded. 

If,  then,  we  may  read  the  above  quotation  as  meaning  that  the 
Commission  considers  that  the  geographical  distributions  of  T.   hrucei 
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and  of  the  trypanosome  causing  Sleeping  Sickness  in  Nyasaland  may 
throw  some  light  on  the  question  of  their  identity  or  otherwise,  surely 
only  the  species  definitely  known  to  be  T.  brucei  must  be  included  by 
this  term.  It  may  be  possible,  or  even  probable,  that  the  wild  game 
strain  of  Nyasaland  is  identical  with  T.  brucei,  but  there  is  no  proof 
at  present  that  it  is  so.  JNIoreover,  immunilogical  experiments  appear 
to  negative  such  a  proposition,  even  if  the  animal  inoculation 
experiments  can  be  accepted  in  its  support.  And  further,  we  have, 
at  present,  no  proof  that  the  Nyasaland  wild  game  strain  is  identical 
with  the  human  strain. 

Viewing  this  question  with  no  presuppositions  as  to  the  identity 
of  these  strains  the  geographical  distribution  lends  no  argument  in  its 
support.  T.  brucei  is  very  common  in  the  southern  East  Coast 
districts  of  Africa,  and  yet  a  human  infection  is  unknown  here. 
Although  carried  out  by  nature,  this  is  surely  a  very  extensive 
"  experiment  on  man,"  and  one  which  cannot  be  fairly  dismissed,  as 
is  done  by  the  Commission,  by  assuming  that  cases  do  occur  but  are 
diagnosed  as  "  Malaria." 

Even  if  an  occasional  case  of  trypanosomiasis  does  develop  in 
Zululand,  man  must  evidently  be  very  resistant  to  T.  brucei,  and  one 
might  expect  therefore  that  such  cases  would  probably  be  of  a  chronic 
type.  If  the  organism  of  Nyasaland  Sleeping  Sickness  is  T.  brucei 
it  is  somewhat  surprising  that  in  many  geographical  districts  in  which 
it  abounds  this  trypanosome  so  rarely,  if  ever,  affects  man ;  and  that 
where  it  does  so,  the  incubation  period  is  short  and  the  progress  of 
the  disease  exceptionally  rapid  and,  so  far,  invariably  fatal.  There 
might,  of  course,  be  some  explanation  of  such  a  phenomenon,  but  it 
is  one  of  the  facts  which  must  be  put  in  the  scale  when  weighing  the 
evidence  for  and  against  this  hypothesis. 

The  history  of  the  appearance  and  spread  of  the  Nyasaland 
Sleeping  Sickness  suggests  much  more  strongly  that  the  disease  has 
extended  from  the  districts  infected  with  T.  gambicnse  than  that  it 
came  from  the  South.  This  argument  will  have  little  weight  with 
those  who  believe  that  Sleeping  Sickness  is  an  old-established  disease 
in  Ehodesia  and  Nyasaland. 

It  does  not  seem  to  me,  therefore,  that  without  making 
assumptions  which  are  unjustifiable — in  that  they  beg  the  question 
in  dispute — any  valid  argument  in  favour  of  the  identity'  of  these  two 
strains  from  the  geographical  distribution  of  their  trypanosomes  has 
been  advanced  by  the  Commission.  Unless  it  is  shown  that  human 
trypanosomiasis  is  contracted  in  Zululand,  and  is  due  to  the  T.  brucei, 
a  strong  presumptive  argument  remains  against  the  hypothesis  of  their 
identitv. 
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Conclusion!: 


1.  That  the  analysis  of  length  distributions  shows  that  the 
dimorphic  trypanosomes  dealt  with,  namely,  T.  rhodcsicnsc,  T.  brucei, 
T.  gambicnse,  Trypanosomes  of  Nyasaland  Sleeping  Sickness,  and 
Nyasaland  wild  game  strain,  have  certain  features  in  common.  With 
some  exceptions,  which  are  not  confined  to  any  particular  strain,  the 
general  character  of  resolution  is  similar. 

2.  That  there  is  some  evidence  to  suggest  that  there  is  less 
similarity  between  the  Nyasaland  human  strain  and  T.  brucei  than 
between  T.  rhodcsicnsc  of  Stephens  and  Fantham  and  T.  gambicnse 
as  recorded  by  these  authors. 

3.  That  the  analysis  suggests  that  uniformity  in  treatment  of 
strains,  prior  to  the  inoculation  of  rats,  from  which  measurements 
are  made,  may  be  an  important  factor  in  determining  the  mean  size 
and  the  variability  of  the  components  of  the  distributions. 

4.  That  at  present  no  valid  argument  in  regard  to  the  identity 
or  otherwise  of  T.  brucei  and  the  trypanosome  causing  disease  in  man 
in  Nyasaland  can  be  drawn  from  length-measurement-distributions. 

5.  That  this  method  of  investigation  may  probably  prove  of 
service  in  the  study  of  trypanosom.e  species  when  proper  analytical 
methods  are  employed  at  the  time  the  investigations  are  being 
undertaken,  but  that  nothing  of  value  can  be  expected  from  an 
uncritical  examination,  or  mere  inspection,  of  the  crude  distributions. 

6.  That  at  present  the  only  valid  argument  in  favour  of  the 
identity  of  the  trypanosome  causing  disease  in  man  in  Nyasaland  with 
T.  brucei  is  to  be  drawn  from  experiments  in  regard  to  their 
pathogenicity  for  animals.  There  is  some  doubt,  however,  as  to  what 
weight  should  be  attached  to  differences  in  period  of  illness  before 
death,  and,  moreover,  whether  any  stress  should  be  laid  on  similarity 
in  this  respect  in  the  absence  of  confirmation  by  other  methods  of 
investigation. 

7.  That  the  immunilogical  experiments  carried  out  by  the 
Commission  and  others  negative  the  suggestion  of  identity  of  T.  brucei, 
Nyasaland  human  strain,  Nyasaland  wald  G.  morsitans  strain,  and 
T.  rhodesiense. 

8.  That  such  serological  experiments  as  have  been  undertaken 
negative  the  supposition  that  the  T.  brucei  is  identical,  or  even 
closely  allied,  to  the  trypanosome  causing  Sleeping  Sickness  in  man. 
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If  we  may  judge  by  the  analogy  of  recent  bacteriological 
investigations,  it  is  probably  to  immunilogical  and  serological 
experiments  that  final  appeal  must  be  made  to  definitely  establish  the 
identity  or  otherwise  of  trypanosome  strains.  These  negative 
experiments  are,  therefore,  of  great  importance,  and  cannot  be 
dismissed  lightly  in  favour  of  a  doubtful  similarity  of  length- 
measurement-distributions,  more  especially  when  the  assumed 
similarity  has  been  obtained  by  unreliable  methods. 

9.  That  there  is  no  evidence  at  present  from  the  known 
geographical  distribution  of  T.  briicei  to  suggest  that  it  is  a  cause  of 
Sleeping  Sickness  in  man  ;  and  that  even  if  it  were  found  to  produce 
disease  in  man  this  would  of  itself  constitute  no  greater  argument  in 
favour  of  its  identity  with  the  Nyasaland  human  trypanosome  than 
with  T.  gamhicnse. 

10.  From  the  foregoing  it  would  appear,  therefore,  that  there 
is  very  little  scientific  evidence  to  support  the  contention  that 
T.  hrucei  and  the  trypanosome  causing  Sleeping  Sickness  in 
Nj'asaland  are  the  same  species,  while  there  are  some  very  valid 
reasons  for  regarding  them  as  distinct.  Although  the  question  may 
still  be  considered  sub  judice  there  does  not  seem  to  be  any  justification 
for  entertaining  a  bias  in  favour  of  their  identity.  If  this  be  admitted 
it  follows  that  the  recommendations  of  the  Commission,  which  are 
based  on  their  assumed  identity,  do  not  rest  on  a  sure  foundation  of 
fact. 

It  is  no  doubt  true  that  any  nomenclature  which  helps  to  simplify 
our  existing  terminology  is  an  undoubted  gain.  Incorrectly  to 
multiply  the  number  of  strains  of  trypanosomes  is  to  create  confusion, 
but  wrongly  to  classify  distinct  strains  as  identical  is,  it  seems  to  me, 
a  much  more  serious  error ;  and  to  call  them  by  the  same  name  whilst 
there  is  any  doubt  as  to  their  identity  is  bound  to  produce  confusion 
and  retard  the  necessary  investigations. 

In  the  course  of  this  study  several  hypotheses  have  suggested 
themselves  as  possible  explanations  of  some  of  the  facts ;  it  may 
perhaps  be  permissible  to  refer  to  one  or  two  here. 

If  the  Nyasaland  human  trypanosome  is  a  new-comer  into  this 
country  how  are  we  to  account  for  its  presence?  It  should  be  borne 
in  mind  that  Nyasaland  Sleeping  Sickness  is  a  much  more  virulent  or 
active  disease  than  that  of  the  more  Northern  territories  associated 
with  T.  gambiense.  This  seems  to  be  an  argument  against  the  disease 
being  caused  by  an  organism  to  which  man  is  usually  very  resistant, 
such  as  T.  brucei  and  probably  also  the  wild  game  strains    of  Central 
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Africa.  If  then  for  the  present  we  abandon  this  suggestion,  not  as 
being  impossible  but  as  a  priori  unlikely,  the  following  are  some  of 
the  alternatives: — 

1.  That  the  Njasaland  disease  is  caused  by  the  T.  gamhiense 
and  that  the  increased  virulence  is  due  to  the  change  of  the 
invertebrate  host.  As  the  G.  morsitans  is  not  the  accustomed  carrier 
for  this  trypanosome,  possibly  only  very  vigorous  strains  can  complete 
their  development  in  this  host,  and  undergo  some  modification  in 
consequence  of  the  novel  environment.  In  favour  of  such  a  suggestion 
the  serological  affinity  shown,  by  Leger  and  Eingenbach,  to  exist 
between  T.  rhodesiense  and  T.  gamhiense  can  be  adduced.  I  am  not 
aware,  however,  that  animal  experiments  bear  out  the  suggestion  that 
strains  of  T.  gamhiense  which  have  been  passed  through  G.  morsitans 
are  selected  in  respect  to  virulence.  Against  the  possibility  of  the 
Nyasaland  human  trypanosome  being  a  derivative  of  T.  gamhiense  is 
the  difference  in  its  pathogenicity  to  animals. 

2.  A  second  alternative  is  that  the  human  strain  is  derived  from 
the  wild  game  strain  of  the  country.  The  immunity  experiments 
carried  out  by  the  Commission,  so  far  as  they  go,  seem  to  indicate 
that  the  wild  Glossina  morsitans  strain  and  the  Nyasaland  hiiman  strain 
are  not  identical ;  and  that  if  they  were  one  might  expect  that 
Sleeping  Sickness  would  be  considerably  more  common  in  Nyasaland 
and  Ehodesia  than  it  appears  to  be.  On  the  other  hand,  it  is 
conceivable  that  some  variant  of  this  strain  may  be  the  cause  of  the 
human  disease.  It  does  not  seem  possible,  however,  to  form  an 
opinion  on  this  hypothesis  in  the  absence  of  further  information  in 
regard  to  its  serological  and  other  affinities. 

3.  Another  hypothesis,  which  may  at  any  rate  be  applicable  in 
some  cases,  was  suggested  hy  a  study  of  the  analysis  of  human  strain 
III.  and  Gamhiense  Tanganyika  Strain  II.  In  these  instances  there 
is  some  evidence  in  favour  of  the  strains  being  double  infections.  Is 
it  possible  that  they  are  dual  infections  with,  say,  T.  gamhiense  and 
a  game  strain?  Such  a  suggestion  might  also  provide  an  explanation 
for  the  difficulty  in  resolving  the  measurement-distributions  of  the 
human  strain  when  the  measurements  are  made  from  rats  directly 
inoculated  from  human  subjects.  The  high  resistance  of  many 
animals  to  T.  gamhiense  might  result  in  the  elimination  of  this  factor 
of  infection  when  the  trypanosome  was  passed  through  animals,  so 
that  the  recovered  trypanosome  might  not  be  the  whole  infecting  agent 
concerned  in  the  disease  in  man. 

When,  however,  the  infected  blood  is  passed  directly  from  man 
to  rat  the  gambiense  component  might  persist  longer  and  so  appear  in 
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the  count,  thus  turning  a  bimodal  into  a  multimodal  distribution  and 
rendering  analysis  into  two  components  difficult  or  impossible.  That 
the  human  strain  III.  and  the  Gambiense  Tanganyika  II.  just  referred 
to  were  capable  of  resolution  may  have  been  accidental,  in  that  the 
area  of  the  components  was  such  that  methods  not  ordinarily  possible 
could  be  applied  to  them ;  this  does  not  negative  the  suggestion  that 
in  other  cases  where  the  graph  of  the  distribution  is  of  a  totally 
different  shape  four  components  may  not  be  present.  In  the  case  of 
human  strain  X.,  if  a  dual  infection  occurred  it  might  explain  the 
difficulty  in  resolving  the  original  distribution,  which  was  obtained 
from  a  rat  directly  inoculated  from  man ;  whereas  the  two  recorded 
successful  sub-inoculations  with  a  single  trypanosome,  which  clearly 
could  only  represent  one  strain,  yielded  satisfactorily  to  mathematical 
analysis.  It  may,  of  course,  have  been  merely  an  accident  that  three 
of  the  six  inoculated  rats  failed  to  develop  trypanosomes ;  on  the  other 
hand,  it  is  possible  that  if  two  strains  were  present  in  the  original  case 
rats  may  be  more  resistant  to  one  of  them.  This  hypothesis  might 
then  account  for  some  of  the  difficulties  of  the  problem,  but  against 
it  is  the  fact  that  the  range  of  the  two  strains  referred  to  is  considerably 
greater  than  that  of  the  other  unresolvable  strains.  There  is  also  no 
definite  evidence,  so  far,  that  the  components  of  T.  gambiense  and  a 
game  strain  are  sufficiently  diverse  in  regard  to  the  statistical  constants 
to  give  rise  to  a  distribution  such  as  that  of  human  strain  III. 
Further,  if  future  serological  experiments  confirm  the  finding  that 
the  human  strain  is  not  allied  to  wild  morsitans  strain  and  to  wild 
game  strain  a  further  objection  would  be  raised.  Some  explanation 
would  also  be  required  as  to  why  the  two  strains  persisted  in  the 
examples  quoted  if  the  general  rule  is  that  one  should  rapidly  die  out 
in  animal  passage.  The  fact  that  one  example  should  be  from  Lake 
Tanganyika  and  be  classed  as  T.  gambiense  does  not  seem  to  me 
necessarily  a  difficulty,  for  if  these  two  strains  exist  symbiotically  in 
Nyasaland  there  is  no  reason  why  they  should  not,  given  favourable 
circumstances,  do  so  in  other  districts.  The  frequency  of  such  a 
conjunction  would  depend  on  the  chances  of  infection  with  the  two 
strains.  The  fact  that  palpalis  country  is  not  morsitans  country  may 
account  for  the  rarity  of  a  mixed  infection  in  most  Sleeping  Sickness 
districts. 

This  hypothesis  may  be  considered  fanciful  and  far-fetched  and 
no  doubt,  on  general  principles,  the  simpler  the  hypothesis  which 
will  explain  the  facts  the  better.  The  chief  object,  however,  in 
discussing  this  suggestion  is  to  indicate  the  difficulties  which  may  have 
to  be  met  in  solving  the  problem  of  human  trypanosomiasis  should  a 
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mixed  infection  occur  and  in  which    one  element    tends    to    rapidly 
disappear  when  the  trypanosomes  are  passed  through  animals. 

Finally,  it  may  be  pointed  out  that  unless  an  unmodified  game 
strain  be  the  cause  of  human  trypanosomiasis — and  the  weight  of 
evidence  appears  to  me  to  be  against  this  view — the  human  carrier 
is  of  much  greater  importance  than  the  wild  animal,  and  consequently 
the  recommendations  of  the  Commission  cannot,  unless  considerably 
modified,  be  accepted  as  a  satisfactory  solution.  The  wholesale 
destruction  of  the  big  game  of  Africa  cannot  be  accomplished  without 
profoundly  affecting  the  economic  position  in  this  Continent,  nor, 
even  if  it  could  be  satisfactorily  carried  out,  can  any  positive  guarantee 
at  present  be  given  that  the  situation  in  regard  to  Sleeping  Sickness 
would  be  improved. 

Johannesburg, 

December  17th,  1913. 
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ON  THE  NATURE  OF  THE  DOUBLY-REFRACTING 
PARTICLES  SEEN  IN  MICROSCOPIC 
SECTIONS  OF  SILICOTIC  LUNGS,  AND  AN 
IMPROVED  METHOD  FOR  DISCLOSING 
SILICEOUS  PARTICLES  IN  SUCH  SECTIONS. 

By  W.   WATKINS-PITCHFOKD.   M.I).   (Lo.nd.).   F.K.C.S.. 

and 
JAMES  MUlll.   M.A.,   D.Sc,   F.ll.S.S.A. 


In  the  lieport  of  tlic  Transvaal  Medical  Society  to  the  tirst  Miner.s"  Histork-ui 
Phthisis  Commission^  it  is  stated  that  •"  by  careful  focussing  it  is  quite 
easy  to  distinguish  (in  a  section  of  silicotic  lung)  in  the  aggregations  of 
pigment  many  minute  angular  transparent  refractile  particles.  These 
are  particularly  numerous  in  the  central  parts  of  older  nodules,  and  in 
the  areas  of  advanced  fibrosis."  Xo  mention  is  made  of  the  use  of  the 
polarising  microscope. 

In  1910  Mr.  Max  Weber,  the  Curator  of  tlie  Johannesburg  Geological 
Museum,  jiointed  out  to  one  of  us  that  the  behaviour  of  some  of  the 
polarising  particles  in  silicotic-lung-sections  differed  from  that  of  small 
particles  of  quartz  in   that  they  polarised  more  stronglv. 

In  1911  Dr.  J.  L.  Aymard.  in  a  communication  to  a  local  technical 
journal-,  stated: — "Recently  in  investigating  the  dust  micro.scopically, 
and  also  lung  specimens  kindly  lent  by  Dr.  Mitchell,  a  doubt  has  arisen 
as  to  the  quantity  and  position  of  the  quartz.  Dr.  J.  Moir  discovered 
rhat  only  certain  portions  of  the  supposed  quartz  showed  with  polarised 
light,  and  that  the  pigmented  larger  masses  generally  taken  for  quartz 
dust  presented  none  of  the  characteristics  of  quartz,  but  he  has 
considerable  doubt  as  to  wliether  rlie  particles  wliich  shine  in  ]-)olarised 
liffht  are   reallv   rniartz."* 


*  This  communicatiou  was  accompanied  by  two  pliotomicrographs,  one 
ot  which  is.  wc  believe,  the  first  published  photomicrograph  of  a  section, 
showing  lung-dust,  taken  by  polarised  light.  This  photograph  was  taken 
by  oiH'  ot  us  (J.-Af.)  in  Soptombor.  1910. 
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Character  of 
images  of 
mineral  par- 
ticles in 
polarised 
lung-sections 


Dr.  1:^.  1j.  CoUis^  cdiisiders  that  the  nietliod  of  fxaiuiniiiL;  .sectiuiLs  of 
pueuuiuuocoinutic  lung  by  polarised  light  was  tii-,st  used  in  an  enquiry 
into  the  effect  of  inhaling  plaster  of  Pai-is  dust,  the  report  of  which  was 
published  in  I'aris  in  ]!)l*i.  He  remarks,  liowever.  that  (Ireenliow,  in 
180."),  used  ijularised  light  to  identify  silica  in  the  dust  recovered  from  a 
metal -grinder's   lungs. 

Dr.  J.  McCrae  in  IDlo^  separated  the  siliceous  particles  from  a 
portion  of  silicotic  lung  by  a  jirocess  of  ''  acid  digestion  ''  (digesting  the 
I  issue  over  a  water-ljath  with  strong  hydrochloric  acid  and  potassium 
(•hlo)-ate).  it  was  presumed  that  the  process  was  without  action  on  the 
siliea.  and  although  it  might  leave  some  refrai'tory  silicates  unchanged 
it  nevertlielcss  di- solved  j)ractically  all  the  other  inorganic  and  all  organic 
mattei'.  The  residual  white  deposit  was  thoroughly  washed  with  water, 
by  centiifugalisation  and  decantation,  so  as  to  remove  all  soluble  salts, 
and  was  carefully  dried  at  a  low  temperature.  A  thin  emulsion  of  the 
powdei-  so  obtained  was  examined  ndcroscopically,  and  its  morphological 
chaiacters  ascertained.  The  use  of  an  analyser  and  polarising  eyepiece 
■proved  that  the  material  was  silica."  The  great  majority  of  the 
particles  were  found  to  he  of  indefinite  shajDe,  and  approximately  TO 
per  cent,  of  them  possessed  a  diameter  of  less  than  1  micron.  Only  a 
negligibly  small  nuuibei-  of  particles  was  seen  whose  longest  diametei- 
exceeded  8-.')  microns,  and  the  longest  observed  was  lO-.")  microns.  This 
discovery,  in  addition  to  its  scientific  interest,  has  had  an  impoi'tant 
beai'ing  on   improved  methods  of  preventing  the  disease. 

The  anatomical  situation,  the  outline,  and  the  dimensions  of  mineral 
particles  visilile  l)v  jiolarised  light  in  sections  of  silicotic  lungs,  irhen 
nioinifcd  in  ('(ukuJh  hnJxaiii .  has  leceived  the  special  attention  of  one 
of  us\  'i'liesc  ol)servations  were  l)c»;un  in  the  early  months  of  1912,  and 
in  July  of  that  year  great  assistance  in  the  tedious  work  of  micrometric 
measurement  was  received  from  Dr.  A.  I.  Girdwood.  Some  of  the 
conclusions  arrived  at  were  mentioned  in  a  lecture"  delivered  at  Capetown 
on  the  Dth  of  February,  1!I14,  before  the  ra])eto\vn  Branch  of  the  British 
Me(]ical   Association. 

MicroscoiHc  sections  of  lungs  from  seven  silicotic  subjects,  stained, 
and  mounted  in  balsam,  were  examined  by  polarised  light  under  a 
moderately  liigh  magnification  (Zeiss  obj.  DD).  The  sections  varied  in 
thickness  from  '5  to  9  microns.  When  a  doubly-refracting  particle  was 
ol-jserved  it  was  first  ascertained — l)y  insijection  at  different  foci — that 
it  was  actually  in  the  std)stanee  of  the  section  and  not  lying  on  either 
of  its  sui'faces.  The  next  step  was  to  find  in  what  position  of  the 
anahsci-  the  outline  of  the  bi'iulit  object  was  must  dislin.ct  :  tlie  particle 
was  then,    if   possilile,    sketched    and    measured. 

All  tlie  foreign  Ijodies  dealt  with  were  visible  as  objects  of  varying 
degrees  of  brightness  when  the  Nicols  were  crossed  ;  when  the  Nicols  were 
parallel  the  majority  of  them  were  invisible,  but  many^when  their 
positions   as   doubly-refracting  objects  liad   once   been    carefully   noted — • 
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could  also  be  detected  as  faint  (lutliiies  when  viewed  bv  ordinary  liiilit. 
The  form  of  a  particle  visil^le  both  with  crossed  and  parallel  Xicols  was 
not  always  identical  under  both  conditions  :  this  was  more  particularly 
the  case  with  recognisably  plate-like  objects  which  lay  obliquely  to  the 
optic  axis,  for  these  when  polarised  often  uave  tlie  niisleadinir  appearance 
of   slender,    elongated   particles. 

In  order  to  gam  some  knowledge  as  to  the  anatomical  distril)utii)ii. 
shape,  and  size  of  the  doubly-refracting  objects  in  the  tissues,  lUl  of 
them,  encountered  consecutively,  were  examined ;  tliat  is  to  say,  each 
clearly  definable  particle  detected  in  a  field  was  brought  in  turn  to  the 
centre,  its  surroundings  noted,  its  form  sketched,  and  its  dimensions 
ascertained  by  a  screw  micrometer.  This  metliod  counteracted  the 
natural  tendency  to  select  those  ])aiticlcs  which  WL're  most  cnns])icuoux 
or  which  possessed   the  most    I'egular  imtliiiL. 

From  the  record  of  actual  observations  appended  (Fig.  1.) — which 
is  copied  from  the  notes  made  at  the  time — it  will  be  seen  that  29  of  the 
clearly  defined  particles  lay  free  between  cells  or  fibres  (A),  46  lay  free 
amongst  necrotic  debris  (B).  18  were  contaiped  within  the  bodies  of 
cells  (C)  which  were  mainly  fibroblasts  and  some  of  which  Avere  in  the 
early  stages  of  disintegration,  7  lay  free  in  pulmonary  alveoli  (D).  and 
1   occupied  the  lumen  of  a  small  l)ronchiole  (E). 

An  inspection  of  the  sketclies  (some  of  whicli  have  not  Ijcen  drawn 
accurately  to  scale)  will  show  that  the  prevailing  outline  was  narrow  and 
elongated  with  one  or  both  extremities  pointed;  many  showed  a  slight 
curve  in  their  long  diameter  and  some  were  elliptical ;  a  conmaon  form 
was  that  of  a  very  slender  prism  having  its  ends  cut  off  at  right  angles 
or  obliquely. 

Witli  regard  to  the  dimensions  of  the  particles  it  is  to  be  remarkeil 
that  the  length  of  all  of  them  (with  tlie  exception  of  tlie  rhiid  examined) 
fell  between  1-1  and  13  microns:  in  14  it  fell  between  1  and  4  u,,  in  •)!) 
it  fell  between  -1  and  6  ij,,  in  29  it  fell  l)etween  (j  and  8  y,.  in  12  it  fell 
between  8  and  10  jjl.  and  in  (j  it  fell  between  10  and  l."i  u..  The  mean 
dimensions  of  all  the  particles  (exclusive  of  the  abTKirmal  thiril  one)  were 
(5-13  microns  by  2-18  microns. 

As  necrotic  areas  in  silicotic  lungs  fre(|Uently  include  the 
disintegrated  remains  of  air-vesicles  and  bronchioles  whicli  have  l)ecoiin' 
devitalised  by  obliteration  of  blood-supply  the  presence  in  them  of  la  run- 
particles  does  not  necessai-dy  indicate  that  such  particles  had  actualh- 
penetrated  the  limiting  Avail  of  the  alveoli  and  air  channels.  Inspection 
of  specimens  in  the  earlier  stages  of  the  condition  shows  indeed  that  all 
the  doubly-refracting  particles  Avhich  quit  the  air  spaces  to  enter  the 
connective-tissue  appear  to  be  of  small  size  and  nearly  all  of  elongated 
shape.  It  is  probable,  therefore,  that  the  large,  plate-like  particle  which 
comes  third  in  the  table  had  never  actually  entered  the  lung-tissue. 

It  is  of  special  interest  to  note  that  some  18  per  cent,  of  the  doubly- 
refracting  particles  wei-e  found  within  the  bodies  of  cells  and  that  some 
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FIG.  I. 

Outline,  su/perficifAl  dimensions,  and  histological  situation  of  101 
consecutive  mineral  paiiixdes  visible  in  silicotic-lung-sections, 
mounted  in  Canada  balsam  and  viewed,  by  polarised  light. 
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Tho  cnpital  li'ttor  aKiii'ii^t  each  figure   indicates  the  situation   of  the  particle. 

thus:    A  =  free  between  cells  or  fibres;   B  =  f ree  in  drhris  of  necrossecl  tissue: 

C'  =  within  the  body  of  a    cell:   I)  —  free  within  an   alveolus;   E  —  f ree   within 

lumen    of   bronchiole.      The    dimensions    o;iven    ai-e    in    microns. 
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of  these  ■"lodgers  were  as  long  as  lU  j..  This  is  uiie  ol  the 
considerations  which  lead  one  to  think  that  the  size  of  the  foreign  bodies 
which  gain  access  to  the  connective-tissue  spaces  of  the  lung  is  regulated 
mainly  by  a  process  of  vital  selection  on  the  part  of  the  phagocytic  cells. 
The  particles  Avhich  are  found  lying  free  amongst  the  cells  or  tissuc- 
hbres  have  probably  all  been  conveyed  thither  within  the  bodies  of 
phagocytes  wliich  have  subsecjuently  died  and  become  disintegrated. 

Anothei'  point  suggested  by  these  observations  is  that  the  presence 
of  mineral  fragments  in  the  air  vesicles  and  passages  of  deceased  miners 
— who  have  not.  in  all  probability,  been  exposed  to  mine  dust  for  many 
months  before  death— is  indicative  of  a  tentative  i3rocess  of  natural 
cure;  such  particles  have  probably  been  conveyed  from  the  connective- 
tissue  of  the  affected  lung  into  the  air  spaces,  and  are  therefore  on  the 
v,ay  to  be  expectorated. 

It  is  to  l>e  borne  in  mind  that  the  foregoing  observationti  refer  only 
to  foreign  particles  possessing  doubly-refracting  properties.  Further- 
more, all  the  doubly-refracting  objects  detected  in  the  sections  are  not 
included,  but  only  those  of  reasonably  definite  outline;  many  were 
encountered  which  could  not  be  sufficiently  defined  to  permit  of  either 
their  shape  being  ascertained  oi-  accurate  measurements  being  made. 

Some  foreign  bodies,  obviously  mineral  in  nature  and  which  are 
optically  inactive,  can  usually  be  detected  by  microscopic  examination 
of  the  silicotic  lung;  such  as  these  are  not  included  in  the  foregoing 
description.  It  is  also  to  be  remarked  that  no  con.si deration  has  been 
given  to  those  mineral  fragments  wliich  are  present  but  which  are 
invisible  by  both  oiilinary  and  polarised  light  wlien  sectioiT^  i,f  silicorir 
lungs  are  mounted  in  Canada  balsam. 

In  view  of  the  fact  that  sjrave  doubt  had  been  thrown  on'tlie  siliceous  Visibility  of 

.,      .       ,   .       ...  ""•..,  ••11       •  >.■  a      •!•      ^-      1  birefringenr 

nature  of  tlie  biretringent  particles  visible  in  sections  ot  silicotic  lung,  substances  ii. 
we  have  attempted  a  special  investigation  of  their  nature.  The  sections  pj.'gp°^^°P'j^"^ 
which   had   provided   the  material   for   the   foregoing  record,    and  manv  examined  by 

.,  .  •    •       11  •         1         Vi     •  1         -i-  i'     polarised  hsht. 

other  similar  .sections,  were  critically  examined.  Before  detailing  the 
new  observations  which  were  made  during  this  examination,  it  seems 
desirable  to  make  a  few  remarks  upon  the  conditions  which  affect  the 
visibility  of  microscopic  objects  in  polarised  light. 

(1)  All  transparent  substances  the  visibility  of  particles  of  which  is 
increased  when  the  light  which  they  transmit  has  passed  through  crossed 
Xicol  prisms  possess  the  proijerty  of  birefringence,  or,  in  other  words, 
have  two  indices  of  refraction.  These  indices  are  known  as  the 
"ordinary"'     (oi)    and    the     ■"extraordinary"     (r).*     The    amount    of 

*  Wlien  ;i  substance  has  only  one  indo.x  of  refraction  it  is  termed 
"  i.sotropic  ".  ;iiicl  the  index  is  denoted  by  the  letter  ,j  (or  sometimes  n^.  when 
sodium  light  lias  been  used).  Again,  biaxial  (orthorhombie.  monoclinic,  and 
triclinic)  crystals  have  thi-ee  distinct  indices  of  refraction  \\hich  are  denoted, 
in  ord(>r  of  increasinji;  magnitude.  l)y  y.  3.  and  -.:  in  such  eases  -/— j;  is  tlie 
iiioasiire    of    the    l)ii-efrinsi;onee. 
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divergence  l^etween  these  two  indices  (co  -  -z,  or  £  -  coj  is  a  measure  ot 
the  strength  of  the  double-refraction  (bii-efringence)  of  the  substance; 
the  oreater  the  difference  between  the  two  indices  the  more  is  the  visibility 
of  the  particle  increased  in  polarised  light.  Thus  for  rutile  (one  of  the 
forms  of  crystallized  dioxide  of  titanium  and  a  strongly  polarising 
substance)  ci>  (in  ^^a  light)  =  2-61(5,  and  £  =  2-90:j;  the  birefringence  of 
this  substance  (2-l)0:5 — 2-616= -287)  is  therefore  high,  and  very  minute 
particles  of  this  substance  are  tlierefore  conspicuous  in  polarised  light. 
For  cpiartz,  oj  =  1-544:  and  £  =  1-553;  this  mineral  has  therefore  a  low 
power  of  double-refraction  (1 -553  — 1 -544  =  0-009),  and  miall  particles 
of  it  should  not  therefore  be  markedly  visil:)le  in  polarised  light. 

(2)  The  degree  of  visibility  of  a  hirefi'ingent  particle,  when  viewed 
in  polarised  light,  is  also  dependent  upon  the  inclination  of  its 
crystallographic  axis  to  the  line  of  vision  :  if  this  be  unfavourable — 
that  is  to  say.  if  the  crystallographic  axis  be  pai-allel  to  either  of  the 
Xicols — the  particles,  though  definitely  birefringent,  l:)ecome  quite 
invisible.  The  optimum  inclination  of  the  axis  nf  the  i)article  to  the 
axis  of  eithei-  Xicol   is  that  of  45'''. 

(3)  Intensity  of  illuiiiination  is  an  imjioiiant  factor  in  tlie  visibility 
of  birefringent  particles.  Many  wliieh  had  previously  been  overlooked 
will  liecome   obvious   imiriediately  the   illumination    is   increased. 

(i)  The  polarising  effect  of  birefringent  particles  in  histological 
sections  is  more  inarked  when  artificial  illumination  is  used  and  the  room 
is  darkened  than  wlie?i  daylight  is  employed  and  the  loom  is  well  lit. 

(5)  Birefringent  particles  whieli  are  possessed  of  an  intrinsic  colour 
(especially  red  or  yellow)  are  more  conspicuous,  when  daylight  is  being 
used,  than  thosie  which  are  colourless. 

Appearances  of  When  a  Section   of   silicotic   lung,    rich    in    birefi-ingent    particles,    is 

section^in'^""^'  examined  with  polarised  light  under  comparatively  low  magnification 
polarised  light,  (^e.f/.,  Zeiss  obj.  AA  with  ocular  4)  the  appearance  of  the  field  is  suggestive 
of  the  starlit  sky.  Under  a  higher  power  (<'.!/.,  Zeiss  obj.  DD)  the  great 
majority  of  what  previously  appeared  as  tiny  points  and  lines  of  light 
are  resolved  into  bright,  elongated  images  of,  apparently,  very  definite 
outline — such  as  are  dei)icted  in  the  tal)le  of  sketches  (Fig.  1).  A 
common  form,  whicli  is  not  represented  in  the  sketches,  appears  as  a 
fine,  irregular  but  usually  sinuous,  line,  or  two  or  three  such  lines 
converging  at  their  ends  and  suggestive  of  a  small  cluster  of  down- 
barbules.  Some  of  the  jjoints  of  light  will  be  resolved  into  small, 
shapeless  patches  without  definite  boundaries,  and  others  into  minute 
groups  of  such  patches — as  though  the  translucence  of  a  tiny  window 
had  been  largely  obscured  by   rousfhly  smudging  the  glass. 

An  increasi'  in  Hie  ilhiminat iun.  m-  in  i  he  degiee  <A  magnification, 
increases  the  a])paicnt  nuniliei-  n|'  such  ehmuated  and  sliapeless  objects, 
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Altbougli  thev  may  be  extieiuely  numerous  in  tlie  tield  it  i.s  vci. 
rarely  that  two  or  more  elongated  images  lie  at  exactly  the  same  focus  : 
it  is  for  this  reason  that  photo-micrographs  of  such  specimens,  when 
taken  at  a  higher  magnihcation,  entirely  fail  to  repioduci' the  appearances 
seen  by  the  microscopist. 

The  next  point  to  be  observed  is  that,  like  tuL-  >iius  ui  im-  uiidiiiiiiii 
sky,  the  bright  images  are  not  all  of  the  same  colour;  the  majority  of 
them  are  brightly  white,  some  are  distinctly  pink  or  even  red,  a  few  are 
of  yellowish  tint,  and,  very  occasionally,  an  image  of  pale  greenish  tint 
is  observed.  A  very  rough  estimate — formed  by  enumerating  the 
birefringent  particles  in  several  fields  of  different  sections^ — showed 
ai^proximately  four  coloured  (three  pink  and  one  yellowish)  to  128  white 
l^articles. 

As   already   remarked,  it  is  very   rare  to  find,   even   in   a   very  thin 

section,  that  more  than  one  or  two  well-defined  dotibly-refracted  images 

lie  at  the  same  focus.       It  was  whilst  verifying  this  observation  that  the 

following  very  important  fact  was  noticed:   As  the  objective  is  raised  or 

lowered  by  the  fine  adjustment  (a  high-power  objective  being  used)  many 

of  the  bright  images  undergo  an  unusual  amount  of  displacement,  often 

ac<:ompanied  by  distortion   of   outline.     When  the  attention   is   directed 

to  the  histological  components  of  the  .-section  a  lowering  of  the  objective 

causes   the  fine   anatomical  elements     to     lose    their     definition   without 

distortion  of  outline:  and  if  they  appear  to  move  at  all  it  is  but  very 

slightly  from  the  outer  part  of  the  field  towards  the  centre  :   tliis  very 

slight  centripetal   movement    of   histological   details,    when    it    occurs,    is 

tiniform  around   the   circumference  of  the  field.        Similarly,   when   the 

objective   is   raised   from   the   position   of   accurate   focus  a    very   slight, 

uniform  movement  of  the  histological  details  may  appear  to  take  place. 

in  the  periphery  of  the  field,   in  a   direction  away   from  the  centre.      If 

now  the  attention  be  turned  to  the  birefringent  particles  in  the  section, 

whilst  similar  up  and  down  movements  of  the  objective  are  made,  many 

of  the  bright   images  will  be  seen  to  move   in   various  directions;  some 

of  them  alter  their  outlines  or  appear  to  "  flare  out  "'  on  one  side  or  the 

other    into    an    ill-defined   luminous   patch,   whilst   some   may   appear  to 

undergo   a   greater  or   less   degree   of   rotation  in  the   horizontal   plane. 

This  phenomenon  must   be   held  to   indicate  that   tlie   bright    images    of 

manv  of   the   birefringent    particles — however   clearly    defined  they    may 

be — -do  not  represent  true  projections  of  the  outlines  of  the  objects:  they 

are.  in  other  words,  optical  illusions.      This  conclusion  has  been  verified 

bv  investigations  to  be  subseciuently  detailed:  it  may  be  remarked,  foi- 

the  present,   that  the  inference  is  supported  by  the   fact  tliat  when  the 

outline  of   a   birefringent  particle  of  friangulor  shape  can  be  detected. 

irhilsf  tilt  Xirols  arc  parallel,  it  is  often  found  to  be  represented,  when 

the  Xicols  are  crossed,  by  a  bright  aricular   image  which  is  very  much 

nairower  than   the  pai-ticle  itself:  uj^ward  or   downward   adjustment  of 

tlie  objective  will  cause  tliis  acicidar  image  to  tiave]  fn.m  one  side  to  tlic 

otlicr  of   tlic  triangular   object. 
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A  consideiabk'  proportion  of  the  elongated,  doubly-refractile  objects 
visible  in  silicotic  sections  do  not  exhibit  this  pseudo-parallax;  their 
polarised  images  are  approximately  their  true  jJi'OJected  outlines,  and 
an  alteration  of  the  focus  will  merely  cause  the  image  either  to  disappear 
or  to  become  double.  Many  of  such  are  of  a  singularly  pure  white, 
whilst  some  are  coloured;  their  nature  will  be  discussed  hereafter  (pp. 
12-U). 


An  examination   was   now   made   of   a   small  quantity    of    the    tine 
siliceous  dust  which  Dr.  J.  McCrae*  had  extracted  bv  acid-digestion  of  a 


optical  pro- 
perties of 
siliootic-lung- 
(lust  which  lias  .  .  .  ,      ,  i    .i        i-    ii        •  i  i-  .1 

been  extracted    portion  oi  a  iiiiiier  s  luiig,  and  the  loUowmg  observations  were  noted. 

by  acid- 

diffestioii.  .  .  . 

When  the  tine  jjowder  was  examined  on  a  microscope  slide,  in  the 
dry  state,  it  was  found  that  particles  of  a  definitely  prismatic  or  acicular 
contour  were  conspicuously  infre(iuent,  the  great  majority  of  the  larger 
particles  were  angular  scales  of  triangular  (frequently  cuneiform),  or, 
most  commonly,  irregular  outline.  The  contrast  lietween  the  apjiearance 
of  this  specimen  of  separated  lung-dust  and  that  of  the  particles  visible 
in  polarised  sections  of  affected  lung  is  very  striking,  and  is  exemplified 
by  comparing  the  sketch  at  the  end  of  Dr.  McCrae's  contribution  with 
the  sketches  given  above  (Fig.    1). 


"  Pseudo- 
birefringence. 


When  this  unmounted  specimen  of  lung-dust  was  viewed  under 
crossed  Nicols  an  a^jparently  birefringent  eiSect  was  observed,  especially 
where  the  particles  were  closely  aggregated  ;  the  phenomenon  was  not  due 
to  reflection  from  the  upper  surface  of  the  particles,  as  it  was  present 
when  the  illumination  was  entirely  by  transmitted  light.  An 
investigation  of  this  phenomenon  led  to  the  following  observations:  — 

An  unstained  section  of  animal  tissue,  from  which  the  paraffin-wax 
had  been  removed  by  xylene,  and  the  xylene  by  absolute  alcohol,  was 
allowed  to  dry  and  then  examined  without  a  cover-glass.  The  whole 
section  was  found  to  behave  optically  as  though  it  were  birefringent — 
the  tissues  apj^eared  light  as  contrasted  with  the  dark  background  when 
the  object  was  viewed  through  crossed  Nicols. 

The  same  plieiiomt'non  (which  we  call  that  of  pseudo-hirefringence) 
was  observed  when  a  piece  of  ground-glass  was  examined  as  an 
unmounted  object  ;  a  convenient  method  of  demonstrating  it  was  to  buff 
a  small  portion  of  the  central  region  of  a  microscope  slide  by  rubbing 
it  with  fine  emery  cloth.  The  effect  of  apparent  polarisation  is  seen 
wlien  either  the  roughened  or  the  smooth  side  of  the  glass  is  upiDermost, 
provided  the  ground  surface  is  at  the  focus.  If  the  ground  surface  is 
wetted  with  water  the  phenomenon,  although  greatly  reduced,  is  still 
evident,  and  even  when  xylene  is  used  it  is  not  entirely  abolished. 

A  thin  layer  of  extremely  finely-ground  common  salt — an  isotropic, 
i.i-..  non-bircfringent,  sidDstance — when  mnuntod  dry,  exhibits  the 
pheiiiiineiioji   of  pscudo-birefi'ingencc. 
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We  L'uiieludL'  fruni  tliesf  uljsfivatinns  tliiit  tliis  jilit'iKjiiienuu  ul'  jj.sfudo- 
birefringence  is  due  to  the  scattering  of  the  light  by  reflection  from  the 
numerous  and  irreguhir  surfaces  Avliieli  it  encounters  during  its  passage 
throiigh  the  object  viewed. 

An  excellent  examplu  of  the  fallacy  Avhicli  the  phenomenon  of  pseudo- 
birefringence  may  give  rise  to  is  contained  in  a  pamphlet,  entitled 
"  Dust  and  Miners'  Phthisis."  which  has  recently  been  issued  l)v  x\iv 
Transvaal  Chamber  of  Mines.  Tlie  first  pliotomicrograph  in  this 
pamphlet  represents  ""line  mine-dust  under  polarised  liglit."  and  is 
evidently  an  unintentional  illustratioii  of  the  lihenomenoii  of  pseudo- 
birefringence. 

When  a  specimen  of  this  silicotic-lung-dust  was  mounted  in  Canada  siiicotie-iung- 
balsam,  it  became,  to  a  very  large  extent,  invisible  (Fig.  2).  This  hafsam.  ''"'"^" 
phenomenon  is  due  to  the  fact  tliat  colourless  translucent  particles 
embedded  in  an  approximately  colourless  translucent  medium  are  only 
visible  if  the  refractive  indices  of  the  particles  and  tlie  medium  are 
different;  the  distinctness  with  which  they  can  lie  seen  is  directly 
proportional  to  this  difference.  Tlie  refractive  index  for  the  ordinary 
ray  (co)  in  quartz  is.  according  to  Dana,'"  l-5-i4.  and  the  i-efractive 
index  of  the  Canada  balsam  employed  Avas  found  to  be  1-51,"). 

In  air  (jj,  with  ordinary  dayliglit  =  1 -00029)  quartz  particles  are,  of 
course,  extremely  visible  (Figs.  13  and  14),  and  they  are  also  easily 
detected  in  water  (]^  with  ordinary  daylight  =  1  ••"53)  ;  the  refractive  indices 
of  both  these  media  are  decidedly  loAver  than  that  of  quartz.  In 
a-iodonaphthalene,  the  refractive  index  of  which  was  ascertained  to  be, 
with  daylight,  about  1-77  (i.e.,  decidedly  above  that  for  quartz),  (piartz 
particles  are  slightly  more  visible  than  they  are  in  water. 

The  particles,  and  aggregations  of  jiarticles,  in  Canada  l_)alsam, 
were,  of  course,  rendered  less  inconspicuous  when  the  substage  condenser 
was  lowered.  When  such  a  preparation  was  viewed  through  crossed 
Xicols  the  collections  of  particles  appeared  as  clusters  of  faintly  luminous 
points,  whilst  isolated  particles  gave  no  appreciable  polarisation  effect. 
With  stronger  illumination — such  as  direct  sunlight  reflected  from  the 
surface  of  a  white  glazed  tile — the  birefringent  effect  of  all  the  particles 
was  markedly  increased.*  It  Avas  noted,  however,  that  even  with  the 
most  favourable  polarisation  conditions  oidy  verv  few  images  could  be 
detected  which  corresponded  to  the  slender  and  elongated  objects  which 
were  so  abundantly  visible  in  balsam-motmted  sections  of  the  same  lung 
as  that  from  a  portion  of  which  the  dust  had  been  extracted.  This 
important  observation  suggested  three  conclusions:  — 

*  With  reference  to  this  method  of  enhancing  the  polarisation,  it  is  to 
be  remarked  that  its  efficiency  is  partly  due  to  a  sliglit  polarisation  of  the 
light — due  to  reflection — before  it  reaches  the  microscope.  When  this  source 
of  light  is  used  some  of  the  particles  appear  darker  and  others  lighter  than 
the  field;  in  the  former  case  the  two  polarisations — (l)-of  the  field,  and  (2) 
of  the  particles — are  of  opposite  kinds,  and  in  the  latter  rase  they  are 
additive. 
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(1)  That  iiiiUiy  of  tlie  |ianiclfs  nf  (/lu/rf:  incarcerated  in  a  silicotic 
lung  are  more  favoui-ably  circumstanced  for  visibility  bv  polarised  liglit 
than  when  they  are  free  from  the  tissues. 

(2)  That  many  of  the  particles  visible  in  the  polarised  lung-sections 
were  of  iriinerals  more  highly  birefringent  than  quartz,  and  that  they  had 
been  destroyed  by  the  trearment  to  wliid!  the  ]iiecc  of  lung  had  liccn 
sidjmitted. 

(o)  Tliat  there  is  a  considerable  amount  of  quartz  in  the  miner's  lung 
which  is  not  detectable  in  bal:-;am-niountcd  sections  when  c.\aniinc(| 
either  in  ordinary  or  in  polarised  light. 

All    three    of    these    conclusions     1)ecanie     justified     by     subseipicnt 
(>l)servations. 
Tiie optical  Samples  of   dust  separated   from  Witwatersrand   mine-aii-,    and   riot 

properties  of  ,.  ...^       .      ,  '■  •         i         mi        r.  i  t   ■    n       . 

iniiiffiust.  from  Silicotic  lungs,  were  now  examined.  Ihe  nne  dust  which  floats  m 
the  air  of  the  workings  after  the  reef  has  been  blasted  was  entangled  by 
asi^irating  the  air  through  a  tube  ])acked  with  pure,  crystallised  sugar : 
the  sugar  was  dissolved  out  (using  5  c.c.  of  water  per  gram  of  sugar)  and 
the  solution  allowed  to  sedimentate  for  a  period  calculated  on  the  basis 
of  twenty  minutes  for  a  depth  of  5  cm.''  The  supernatant  liquid,  which 
was  now  free  from  the  coarser  particles,  was  centrifugalised,  and  the 
deposit  thus  obtained  was  submitted  to  examination.  It  was  found  to 
I'esemble,  in  its  general  characters,  silicotic-lung-dust  (separated  by  acid 
digestion),  Ijut  included  also  many  minute  carbonaceous  fragments.  It 
consisted  mainly  of  i-oundish  or  triangular  particles  of  cpaartz.  These 
particles  varied  in  diameter  from  about  15  n  down  to  the  limit  of 
visibility  (about  -25  ^  with  ordinary  methods  of  illumination).  Just 
as  in  silicotic-lung-dust,  particles  of  elongated  and  acicular  shape  were 
conspicuously  infrequent,  and  when  such  were  detected  they  were  often 
found  to  have  a  pink  or  yellowish  colour  and  ahvays  to  have  a  definite 
outline — this  l^eing  frecjuently  that  of  a  S(juare  ]irism.  When  examined 
in  the  dry  state  and  Avithout  any  mountant  the  dust  exhibited  the 
phenomenon  of  j^seudo-birefringence  already  referred  to.  When  a 
specimen  was  mounted  in  Canada  balsam  the  particles  of  quartz  became 
almost  invisible  (Fig.  2),  and  when  the  light  was  polarised  groups  of 
faintly  luminous  points  appeared,*  and  very  occasionally  a  bright  linear 
image — single,  or  like  a  small  cluster  of  down-barbules — wliich  altered 
its  position,  orientation,  and  shape  with  changes  of  focus.  The  few 
particles  possessed  of  definite  prismatic  outline  and  inherent  colour  were 
found  to  be  strongly  polarising  and  to  show  no  material  alteration  in 
their  disposition  or  contoui'  Ijy  varying  the  focus. 

When  such  specimens  of  fine  dust  ai-e  allowed  to  deposit  from  an 
aqueous  suspension  on  a  microscoi:)e  slide,  and  are  then  dried  and 
mounted  in  balsam,   it  is  obvious  that  the  great  majority  of  the  plate- 

*  AYe  find  that  English  flint,  when  crushed  to  powder  and  examined 
in  balsam  by  polarised  light,  presents  a  much  more  striking  appearance  than 
.siliceous  inine-dust  (Figs.  3  and  4).  Even  minute  fragments  present 
themselves  as  close  aggregates  of  brightly  polarising  points  embedded  in  a 
verv  faintlv  luminous  matrix. 
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like  paiticlfs  will  have  assumed  a  horizontal  position.  Such  a  position 
is  the  least  favourable  for  polarisation,  and  it  is  this  fact  which,  in 
part,  accounts  for  the  striking  dissimilarity  in  appearance  of  polarised 
sections  of  silicotic  lung  in  balsam  and  specimens  of  lung-dust  or  mine- 
dust  similarly  mounted.  When  a  quartz  scale  lies  obliquely  to  the  line 
of  vision  (as  is  usually  the  case  when  it  is  incarcerated  in  lung  tissue) 
it  will  api>ear.  when  polarised,  as  an  elongated  image  usually  of  a 
spindle-shaped,  acicular,  or  curved  outline,  and  this  image  will  alter  its 
curvature  and  position   with  evei-y  change  of   focus. 

That  quartz  scales  wheii  fixed  at  various  inclinations  in  the  tissues  Experimental 
do  actually  give  rise  to  these  optical  appearances  was  verified  by  the  ack-u"iar polar- 
following  experiment ;—  '  Jn^quartT''^''* 

A  sample  of  purely  siliceous  dust  was  obtained  from  mine-air  dust  scales, 
by  boiling  it  for  two  hours  with  HCl  ami  KCIO3,  filtering,  washing, 
drying  and  fusing  at  a  red  heat  Avith  KHSO^  for  half  an  hour — a  little 
KXO3  being  added  at  first  to  secure  destruction  of  carbon  particles. 
The  melt  was  now  dissolved  in  dilute  hydrochloric  acid  and  filtered. 
The  filtrate  gave  marked  reactions  for  aluminium  and  titanium.  The 
filtered  dust  was  washed  out  and  again  suspended  in  water.  The  dust 
was  now  found  to  be  apparently  entirely  free  from  all  mineral  particles 
except  those  of  quartz,  the  plate-like  outlines  of  which  had  not  apparently 
been  in  the  slightest  degree  affected  by  the  treatment;  they  presented 
themselves  as  minute,  roundish,  angular  scales.  A  suspension  of  this 
purely  siliceous  dust  in  water  had  a  milky  appearance.  Eighteen  c.c. 
of  this  suspension  was  injected  into  the  marginal  vein  of  a  rabbit,  and 
the  animal  died  in  about  four  minutes.  Sections  of  the  lungs,  liver, 
kidneys,  and  spleen,  when  mounted  in  Canada  balsam  and  viewed  by 
polarised  light,  were  found  to  contain  markedly  birefringent  particles 
in  the  blood-vessels.  All  of  them  were  small,  some  appearing  as  faintly 
luminous  points  and  patches,  but  many  having  bright  images  of  definite 
elongated,   spindle-shaped,   or   acicular   outline. 

A  simpler  but  equally  effective  method  of  demonstrating  the  same 
phenomenon  was  by  adding  a  small  quantity  of  the  suspension  of  purely 
siliceous  dust  to  freshly-shed  blood  in  a  capsule,  allowing  the  blood  to 
clot,  and  sectioning  the  clot.  When  a  section  of  this  clot  was  ti'eated, 
by  a  process  to  be  referred  to  sub.sequently  (which  dissolved  the  coagulated 
proteins),  the  lil>erated  particles  lost  their  birefringent  characters,  a 
change  whicli  appeared  to  be  due  to  their  now  being  able  to  settle  down 
in  the  liquid  medium  and  assume  a  horizontal  position  on  the  .slide. 

It  is  evident  tliat  it  is  only  the  qaurtz  scales  of  comparatively  large 
size  which,  wlien  fixed  vertically  or  obliquely,  can  yield  images  on 
polarisation;  a  certain  minimum  lengtli  of  path  within  the  particle  is 
necessary  to  ensure  polarisation  of  the  i-ays.  It  should  be  rememl^ered 
that  the  mine-dust,  from  which  the  material  used  in  the  foregoing 
experiments  had  been  prepared,  had  been  freed  from  all  particles  larger 
than  15^/  in  diameter;  no  particle  of  sufficient  thickness  to  polarise 
brightly  wliilst  lying  in  a   lioiizoiiTal   ])osition   was  therefore  pi"esent. 
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Birelringeiil 
minerals  other 
than  quartz  in 
silicotic  lungs. 


Properties  of 
the  birefringent 
"  accessory  " 
minerals 
occurring  in 
"  l)ankpt." 


A  study  (if  published  analj'ses  of  the  Rand  ore  ("banket"'),  and 
(if  iiick-sectiun.s  of  the  latter,  show  that  the  dust  resulting  from  the 
pulverisation  of  the  auriferous  rock  must  contain  other  birefringent 
minerals  besides  quartz ;  the  absence  of  fragments  of  these  accessory  minerals 
from  Rand  silicotic  lungs  would,  indeed,  be  surprising,  and,  as  a  matter 
of  fact,  their  presence  can  be  readily  demonstrated  in  lung  sections. 
That  particles  of  these  accessory  minerals  wei'e  not  detected  in  Di-. 
McCrae's  specimen  of  separated  lung-dust  was  doubtless  due  to  tine 
character  of  the  process  l>v  which  such  lung-dust  had  been  extracted.  The 
process  consisted  in  digesting  the  tissue  over  a  water-bath  with  hydro- 
chloric acid  and  potassium  chlorate  for,  we  believe,  three  daj's,  and  there 
are  very  few  minerals  containing  basic  oxides  in  their  composition  whicli 
could  i"esist  such  solvent  treatment. 

A  comprehensive  description  of  the  minerals  included  in  the  banket 
was  given  by  Pi-of.  R.  B.  Young  in  1909.*'  His  re.searclies,  and  those 
of  others,  have  identified  the  birefringent  accessory  minei'als  of  the  reef 
as  sericite,  rutile,  zircon,  tourmaline,  apatite,  and  chlorite.  These  may 
be  sejjarated  from  the  quai'tz  in  the  crushed  rock  by  means  of  elutriatiou 
in  heavy  solutions,  and  Avhen  their  particles  are  mounted  as  microscopic 
olijects  the  identity  of  many  of  them  with  the  particles  already  referred 
to  as  occurring  in  the  siliootic-lung-sections  can  be  verified,  with  this 
exception,  that  we  have  hitherto  been  unable  to  recognise  apatite  -n 
lung-seotions. 

The  occurrence  of  Ijirefringent  jjartioles  (other  than  quartz)  in 
mine-air  has  been  already  referred  to,  and  the  presence  of  particles  of 
similar  .shape,  dimensions,  and  optical  properties  in  siliootic-lung- 
sections  makes  it  certain  that,  in  the  latter  situation,  they  are  not  merely 
organic  crystals. 

Sekicite'  is  a  silky,  i ale-like,  potasli-miea  (H2KAI3  (SiOj)3  oi-  KH^ 
(AlSi04)3),  usually  white,  grey,  or  yellow  in  colour^.  In  all  probability 
it  Ijelongs  to  the  monoclinic  system,  and  possesses  a  refractive  index  of 
aljout  r59;^"  it  is  therefore  but  hardly  visible  in  Canada  balsam.  \U 
l)irefringence  (v  —  a)  varies  from  •039  to  '042,  i.e.,  about  four  and  a  lialf 
rimes  that  of  quartz;  the  maximum  white  polarisation  is  therefore  given 
1)y  particles  of  little  more  tlian  8^  in  thickness.  In  the  case  of  quartz 
a  tliickness  of  nearly  40^  is  necessary  to  achieve  maximum  wliite 
piilai'isation. 

In  a  special  rock-section  of  banket,  kindly  lent  to  us  by  Prof.  R.  B. 
Young,  the  sericite  apjjears,  in  the  matrix  of  the  rock,  mostly  in  large 
areas  of  striated  structure;  several  areas  are  found,  however,  in  wliicli 
the  .sericite  occurs  as  minute  needles  mingled  with  quartz. 

Wlien  a  small  fragment  of  banket  matrix  was  crushed  in  an  agate 
moitar  the  powder  was  found  to  contain,  in  addition  to  quartz  and  the 
opaque  minerals  such  as  pyrite  and  chromite,  large  quantities  of  fine 
scales  of  sericite,  together  wath  crystals  of  rutile,  zircon,  chlorite,  and 
(?)  tourmaline.  The  .sericite  fragments  in  this  particulai-  specimen  of 
matrix  were  actually  more  abundant  tlian  tlie  quartz  ])aiticles  (Fig.   •")). 
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It  is  alujust  certain  that  a  large  pruportioii  of  the  briglit  white 
images  which  are  seen  by  polarised  light  in  a  silicotie-lung-section  of 
Knnd  origin  are  produced  by  sericite.  A  characteristic  image  of  a 
sericite  particle  in  such' circumstances  is  a  fine,  bright  white  line,  often 
<'urved  or  slightly  sinuous;  the  line  will  sometimes  l>end  to  one  side  or 
the  other  and  alter  its  apparent  curvature  with  changes  of  focus. 

RuTiLE. — A  native  form  of  titanium  dioxide  (TiO^)  whicli  occurs  in 
granitic  rocks,  more  especially  in  the  quartz  veins.  It  takes  the  form 
of  tetragonal,  prismatic  crystals  (Fig.  6)  with  a  good  prismatic  cleavage. 
The  colour  u.sually  varies  from  reddish-brown  to  black.'  but  the  variety 
which  occurs  in  banket  is  of  a  rather  pale  yellow. 

It  is  highly  refractile,  the  mean  of  the  refractive  indices  in  three 
directions  at  rig*ht  angles  to  one  another  Ijeing  2' 712  (Dana,  p.  168),^" 
and  it  is  therefore  plainly  visible  in  Canada  balsam.  It  is  also  extremely 
birefringent  (a)  =  2-616,  £  =  2-903,  c-(o="287,  i.e.,  about  32  times  that 
of  quartz).  It  polarises  to  the  maximum  white  colour  when  only  l'2u 
tliick.  The  thickne.s.s  and  breadth  of  the  j^ri-sms  are  the  same.  The 
crystals  yield  polarisation-colours  when  more  than  2^^  thick — e.g.,  reddish 
at  2  and  -t-x,  greenish  at  about  3.j,.  An  unusually  tliick  particle  in  a  lung- 
.section  appeared  under  polarised  light  as  a  fine  straight  line  of  electric 
blue  colour.  It  may  be  remarked  that  quartz  particles  do  not  yield 
polarisation  rolour-s  unless  they  are  at  least  oOj;,  thick.* 

In  silicotic-lung-sections  the  mineral  appears  most  commonly  as  an 
obliqtiely  fractured  prism,  four-sided  and  often  of  considerable  length. 
If  the  prism  has  not  been  fractured  it  appears  to  be  terminated  by 
bluntly-rounded — Init  really  pyramidal — ends.  Several  of  the  sketches 
included  in  the  series  of  101  polarised  images  of  silicotic  lung  particles 
(Fig.  1)  are  evidently  of  rutile  crystals.  Short  fragments  of  rutile 
prisms  are  not  infrequently  detected  in  lung-sections,  appearing  under 
polarised  light  as  small,  clearly-defined  particles  of  ruby  tint.  Owing 
to   their  hisrh  refractive  index  particles  of   rutile   are  easily   detected    in 

*  When  the  crystal  is  placed  in  its  position  of  maximum  birefringence 
the  formida  bX0  =  X  holds — in  which  b  =  birefringence.  0=  thickness  in 
microns,  and  \  wave-length  (in  microns)  of  the  colour  extinguished  by 
interference.  As  the  thickness  of  the  crystal  increases.  \  gradually  increases 
also,  and  the  maximum  white  polarisation  occurs  when  }  =0.35.j_,  i.e..  the 
wave-length  of  light  at  the  limit  of  visibility  in  the  violet.  When')^  increases 
still  further,  colours  are  produced.  Thus  when  X  =  0-4,,  (blue-violet 
ab.sorption)  the  complementary  colour,  yellow,  is  seen;  when  A  =  0--i'^u,  (blue- 
green  absorption)  the  complementary  colour,  orange,  is  seen;  at  X  =  0-5^lil 
(mid-green),  crimson  is  seen;  at  )  =0.6.j_  (orange),  indigo  is  .seen;  and  at 
X  =  0-7.j|^  (red),   green  is  seen. 

when  X  becomes  larger  than  0-75,j^  the  fundamental  absorption  goes 
outside  the  visible  spectrum,  and  the  colours,  which  are  repeated  in  the 
above  order,  are  then  due  to  .'^iihmulfiplps  of  ).  and  are  of  a  mixed  and 
impure  nature. 
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such    sections    witlioul    the    aid    of    pohirised    light;    the    jjolariscope    is. 
however,  a  great  aid  to  rapidly  locating  theni. 

Dana^"  {-p.  345)  illustrates  a  very  characteristic  ai'rangement  of  rutile 
crystals,  two,  or  sometimes  three,  being  attachedby  their  ends  and  being 
inclined  to  one  another  at  an  angle  of  about  120'  (Fig.  7).  Typical 
examples  of  this  genicubite  form  of  rutile  crystals  iiave  l)een  discovered 
l)y  us  in  silicotic-lung-secrioii  ■:  on  tliree  occasions,  and  have  been 
f i('i|ueiitly   met  witli  in   the  ibist   fi'oui   mine-air   (Figs.    S   and   I>). 

ZiucON.— Native  zirconium  silicate  (ZrSiO,)  occurs  as  a  primary 
constituent  of  many  igneous  rocks,  but,  as  a  i-ule,  only  as  minute 
crystals.-'  The  mineral  shows  a  wide  range  in  optical  eliaracters,  a 
fact  whicli  suggests  the  existence  of  modifications  of  zircon.  It  appears 
as  short  tetragonal  prisms  similar  to  those  of  rutile,  the  length, 
liowever,  being  only  about  twice  tlie  breadtli  (Figs.  1(1  and  11).  Tlu' 
mean  of  the  refi-active  indices  is  1'952,  and  the  mineral  is  therefoie 
easily  visible  in  Canada  balsam  (^i  =  l'52).  Its  birefringence  is  about 
seven  times  that  of  quartz  (o)  =  1-931,  £==1-993,  £-(o  =  -062).  The 
maximum  white  polarisation  is  not  given  unless  the  particle  is  at  least 
5^/,  thick,  and  smaller  crystals  a]»pear  of  a  pale  greyish-violet  colour  in 
polarised  light. 

Zircon  crystals,  although  not  unconnuon,  aie  much  rarer  in  silicotic- 
lung-sections  than  those  of  rutile.  They  usually  appear  of  a  pink  colour 
in  ordinarv  light.  Thev  ai'e  encounteied  fi-om  time  to  time  in  mine 
du;-t    (Fig.' 12); 

TouUMALlNK  is  a  complex  l)oro-silicatc  of  aluminiimi  iiaving  wide 
differences  in  chemical  composition^.  The  range  of  the  refractive  indices 
is  given  by  E.  A.  Wiilfing''  as  follows:  .  (Na)  =  l-G12  to  1-651. 
10  =  1-631   to   l-(;85. 

The  liabit  of  the  mineral  is  almost  invariably  prismatic  with  deeply 
grooved  prism  faces.  "  The  material  ranges  from  colourless  to  jet-black 
in  colour  and  may  be  any  shade  of  red,  yellow,  green  or  blue."  Common 
black  tourmaline  is  abundant   in  granitic   and  metamorphic   I'ocks. 

Tourmaline  particles  occui'  fairly  frequently-  in  silicotic-lung- 
sections,  but  are  difficult  to  detect.  The  prisnu^tic  crystals  are  faintly 
visible  as  pale  bluish-green  objects  which  possess  a  Ijirefringence  about 
twice  that  of  quartz.  Tlie  maximum  white  ptdarisation  is  not  given 
unless  the  particle  is  about  18ij,  in  thickness,  and  conse(|Uently  thi' 
polarisation  of  such  ])ai'ticles  as  occur  in  lung  tissue  is  usually  vei'v 
feeble. 

Chlokitk. — (Mg  (AlSiO,)./)  is  a  mineial  of  pale  greenish  tint  which 
is  also  present  in  the  banket.  It  is  with  difficulty  differentiated  from 
quartz  owing  to  its  birefringence  being  even  less,  and  its  green  tint  not 
being  obvious  in  minute  fragments.  In  silicotic-lung-sections  it  is 
probable  that  it  ^vill  be  but  rarely  distinguished  from  quartz,  as  its 
refractive  index  is  but  slightly  higher  ;  the  possession  of  crystal  faces 
may,  however,  'be  of  assistance  in  distinguishing  it  from  quartz 
fragments,  for  the  latter  possess  them  but  very  rarely,  if  ever. 
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'riiC   uut'stioii    now    iirose   whetliei-    ilir     iMuiJuit  iuii     nl      biieiriii'^L'Ut  Kelativt  ijm- 
■    1  •    -1  1      •  1-11  •  17-7  '       •     portion  of 

particles  visible  m  a  polarised  lung-section,  and  wliicn  are  not  qu^irf-.,  is  quartz par- 

,  ^1  1  1-     ^1      •  •        ^1        i2  1       i-         i-  •  •        tides  to  other 

tireater   than    tluir    ol    their   occurrence   m  the  hue   dust    oi     mine     air.  birefringent 
Samples  of  such  diist  which  were  examined  in  the  dry  (unmounted)  state  ^fi[co*^tJcYun" 
were  found  to  comprise  about  four  hundred  translucent  feebly-polarising  and  mine-air 
particles  tn  t'voi y  one  wliicli  definitely  polaii.sed.     We  had  therefore  to  ask 
ourselves,    supposing    a    particular    field    in     a     lung-section     contained 
twenty-five  particles  which  definitely  polarised  in  a  manner  unlike  quartz 
fiagmeuts.   whctliL-r  we  were  to  infer  that  there  were  jjrobably  some  ten 
tliousand  particles  of  cpiartz  in  the  same  field — the  presence  of  the  vast 
majority  of  which  was  concealed  by  their  unfavourable  inclination,  their 
low  birefringence,  and  the  fact  that  tliey  were  embedded  in  lialsam   and 
obscured  by  the  tissue  elements  ? 

It  seemed  not  unreasonable  to  suppose  that  an  undue  proportion  of 
e/o«r/«^f(r^  particles  (such  as  those  of  tourmaline,  sericite,  rutile,  and  zircon) 
woiihl  be  found  to  have  I)een  deposited  in  the  lung  tissues  owing  to  the 
presumed  jireference  of  phagocytic  cells  for  engulfing  and  transporting 
elongated  bodies.  To  elucidate  this  question  it  was  necessary  to  devise 
some  means  of  destroying  the  tissues  of  a  silicotic  lung  without  at  the 
same  time  affecting  either  the  quartz  or  the  accessory  (birefringent) 
minerals  :  by  sucli  mears  the  tiue  relative  proportions  of  the.se  extraneous 
particles  in  tlie  silicotic  lung  could  be  ascertained.  We  have  already 
pointed  out,  when  di.scussing  the  Ijirefringent  accessory  minerals  of  the 
banket,  that  the  process  to  which  Dr.  J.  McCrae*  had  submitted  silicotic- 
lung  tissue  (prolonged  digestion  with  hydrocliloric  acid  and  potassium 
chlorate)  had  probably  dissolved  tlie  more  refractile  particles  while 
leaving  the  quartz  untouched.  The  ordinary  j^rocess  of  ashing  the  lung 
tissue  was  also  found  inapplicable,  because  the  fusible  salts  proper  t<i  the 
normal  tissues  caused  the  whole  residue  to  cake  into  a  vitreous  mass, 
from  wiiich  the  extraneous  minerals  could  not  be  isolated  in  their  original 
form.  Both  of  the  following  methods,  howevei-.  apjieared  to  give  us 
satisfactory  results. 

A    preliminarv    treatment    to    remove    traces    of    fattv    substances    is  >>/«■ '"e^'iof''" 

,  .   ■  ......  .  •  of  isolating: 

necessarv  :  the  piece  of  silicotic  lung  is  cut   up   into  2  mm.  fragments,  extraneous 

11-'  s-  ±.  1    .■  -11  11-  ^1  1'         i         mineral  matter 

soaked  m  excess  oi  acetone,  left  overnight,   tlien  soaked   m  etlier  tor  ten  from 
minutes,  and  finally  dried  at  100°  C.  fpeoYmen^."' 

The  first  method  consists  in  saturating  the  dried  tissue  in  a  hot 
concentrated  solution  of  annnonium  jierchlorate  containing  some 
ammonium  nitrate,  drying  in  an  oven,  burning  it,  mixing  powdered 
perchlorate  and  nitrate  of  ammonium  with  the  carbonaceous  residue  and 
heating  until  the  carbon  has  disappeared  (the  combustion  takes  place  at 
a  temperature  far  below  red-heat,  and  consequently  no  formation  of 
glassy  masses  occurs).  The  residue  is  now  washed  with  hydrochloric  acid 
previously  diluted  with  10  parts  of  water  (the  birefringent  minerals  are 
quite  insoluble  in  this  weak  acid)  to  remove  calcium  phosphate  and  other 
constituents       of       lung-ash,       uentrifugalised.       tlie       deposit       washed. 
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cciitiifugalisfd  again,  and  gently  Inokrn  u{>  for  inic'ro(>L'Opic  t'xaniination. 
Ferric  oxide  (resulting  from  the  combustion  of  pyrites)  i«  insoluble  in  the 
weak  acid,  and  therefore  remains   admixed  witli  tlie  mineral  matter. 

The  second  method  is  to  heat  the  fi'agments  (after  preliminary 
extraction  in  acetone  and  ether,  and  di-ying)  in  dilute  vifric  acid.  At 
first  the  acid  should  be  of  the  strengtli  of  1  in  '■)  and  the  tempei'ature 
should  be  kept  below  the  boiling  point.  Much  nitrogen  is  at  first  evolved  ; 
this  is  due  to  the  decomposition  by  heat  of  the  diazo-conij>ounds  formed 
fi-om  tlie  amino-groups  of  the  proteins  by  nitrous  acid. 

After  the  evolution  of  nitrogen  lias  ceased  the  strengtli  of  the  acid 
is  increased  to  about  2  in  5  and  tfie  mixture  is  now  lioiled  until  no  fibres 
remain.  The  deposit  in  the  liquid  now  consists  of  the  extraneous  mineral 
matter  and  the  carl>on  (soot)  from  the  lung  tissues.  This  is  filtered  off, 
washed,  scraped  off  the  filter-paper,  and  gently  ignited  until  it  is  of  ]nire 
white  colour. 

Si^ecimens  of  silicotic-lung-dust  extracted  l)y  both  these  processes 
have  the  same  general  microscopical  appearances  as  those  of  Dr.  McCrae's 
specimen  previously  referred  to ;  jiavticles  possessing  a  marked 
birefringence  are,  however,  far  more  common;  it  is  evident  that  the 
liirefringent  particles  of  the  "'  accessory  "  minerals,  which  are  so  easily 
detected  in  silicotic-lung-sections,  have  not  1)een  dissolved  by  the 
treatment  (Figs.  13  and  14). 

The  relative  numerical  proportion  of  the  quartz  particles  to  the 
particles  of  more  refractile  minerals  in  these  specimens  of  lung-dust  is 
veiy  large,  being,  to  all  appearance,  about  the  same  as  the  j^^oportion 
in  fine  ninie-d/r  dust  stated  on  paf/e  15. 

We  conclude,  therefore,  that  little,  if  any,  phi/siolnr/ical  selection 
fal'es  jdace,  either  in  respect  of  the  chemical  nature  or  tlie  shape  of  the 
mineral  particles  which  are  deposited,  in  the  lung  tissues;  the  only 
physioloyical  selection  which  appears  to  occur  is  in  the  matter  of  size. 

This  important  conclusion  is,  of  course,  at  variance  with  a  commonly 
held  l>elief  that  pulmonary  silicosis  is  due  to  the  invasion  of  the  tissues 
of  the  lung  by  acicular  particles  of  (piartz.  It  has  become  ol^vious  that 
not  only  amorphous  particles  of  quartz  but  also  particles  of  other 
moderately  hard  and  inscduble  minerals  are  liable  to  be  carried  into  the 
lung  tissues — whether  they  are  equally  deleterious  is,  however,  one  of  the 
jiroblems  of  the  future. 
Size  of  quartz  T\\Q  great  majority  of  the  quartz  particles  in  sucli  specimens  of  lung- 

siiiontif  iiino^.  (lust  are  Icss  than  2  ^  in  diameter;  none  of  them  have  been  found  to 
exceed  14  [ji,,  and  particles  of  such  a  size  as  this  are  relatively  very  rare — 
say,  1  in  100,000.  Very  occasionally  an  acicular  or  elongated-wedge- 
shaped  particle  of  quartz  is  found,  but  they  are  of  xqyj  much  rarer 
occurrence  than  the  pri.^inatic  crystals  of  rutile  and  the  elongated 
fragments  of  other  accessory  minerals. 

A  record  of  the  dimensions  and  shapes  of  120  particles  of  lung-dust, 
separated   liy   the  processes   which   liave   jusl    lieen    deso'ibed.    lias   ali'oady 
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been  published.'^  The  results  will  now  \je  biietly  referred  to;  they 
may  be  instructively  compared  with  those  given  in  the  earlier  part  of 
this  communication  and  which  were  obtained  by  a  study  of  the  particles 
as  they  appeared   in  polarised  sections  of  silicotic  Iuul;. 

The  particles  of  separated  lung-dust  were  scrutinised,  successively 
and  without  selection,  in  a  sjiecimen  mounted  in  air  and  viewed  by 
ordinary  light.  Of  the  120  particles,  117  were  quartz,  2  rutile,  and 
one  was  probably  a  tourmaline  fragment;  the  true  ratio  of  the  quartz  to 
the  more  birefringent  minerals  was,  however,  almost  certainly  mucli 
higher,  probably  400  to  1. 

The  following  is  a  sunnnary  of  the  '"  average  diameters  "  of  these 
120  particles — the  "■  average  diameter  "  being  the  geometric  mean  of  the 
length  and  breadth  of  each  particle :  — 

10  particles   less   than 
IG        ,.  about 
12       ,. 
30       „ 

13 

13 

11  ,, 


1        .. 
1        ,. 

There  appeared  to  be  some  selection  of  particles  about  1  -j;,  in  average 
diameter.  The  mean  of  the  average  diameters  of  the  120  particles  was 
1-2  -X-  The  great  preponderance  of  relatively  small  particles  in  the 
specimen  examined  was  indicated  by  the  fact  that  for  every  jiarticle  of 
an  average  diameter  of  8  -^  or  upwards  there  were  2,000  whieh  were 
smaller. 

The   observations   which  we   have   now   detailed   showed   us   that  the  The  demon- 
microscopic   appearance    of    polarised    sections    of    silicotic    lung    affords  occult  quartz 
by  no  means  a  true  picture  of  the  content  of  the  section  with  respect  to  secdo°n^s 
the  extraneous  mineral  matter;  it  now  remained  for  us  to  devise  a  metliod 
which    would    disclose    for    microscopic     examination    the     jiresence     and 
situation  of  the  large  quantity  of  quartz  which  is  ordinarily  undetectable 
in   silicoric-lung-sections. 

The  method  which  we  have  selected  as  being  quite  successful  depends 
upon  the  destruction  of  the  section  by  means  of  cold  strong  nitric  acid. 
When  the  process  is  carried  out  with  due  attention  to  detail  the  hitherto 
invisible     particles     of     quartz      are     plainly     disclosed,     and     retain 
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approximately  the  distribution    wliich    tlifv   had   in    tlie  original  section. 
The  following  is  the  technique  which  wc  recommend:  — 

(1)  A  section  is  cut  from  the  paraffin  block,  fixed  to  a  slide  in 
the  usual  manner,  stained,  mounted  in  xylene,  and  examined 
under  the  microscope. 

(2)  A  suitable  field  is  selected  and  the  exact  position  of  the  slide 
noted  from  the  stage-micrometers.  The  sub-stage  condenser  is 
now  removed  and  a  grease-pencil  mark  is  made  on  the  under 
surface  of  the  slid<-  in  order  to  indicate  the  situation  of  the 
selected  field. 

(3)  The  cover-glass  is  now  slipped  off  and  the  xylene  is  i-enioved  by 
means  of  benzene  followed  by  ether. 

(4)  By  means  of  a  sharp  pocket-knife  all  the  section  is  scraped  off 
the  slide  excepting  that  part  immediately  overlying  the  grease- 
pencil  mark.  The  area  of  the  section  thus  left  should  be  about 
2  mm.  square. 

(5)  A  circle  of  molten  paraffin  wax  (m.p.  58"C.),  about  15  mm. 
in  diameter,  is  now  made  im  tlie  slide  with  the  remnant  of 
the  section  at  its  centre. 

(6)  The  slide  is  now  placed  in  the  blood-heat  incubator  on  a  small 

stand  which  is  carefully  levelled  by  means  of  a  good  spirit-level. 

(7)  Three  drops  of  yellow,  fuming  laitric  acid  are  deposited,  Avithout 
splashing,  on  the  section-remnant  by  means  of  a  capillary 
pipette  fitted  Avith  a  rubber  teat.  The  slide  on  its  stand  is  now 
loosely  covered  with  an  inverted  dish  so  as  to  protect  it  from 
dust,  but  not  so  as  to  exclude  air;  the  specimen  is  now  allowed 
to  remain  until  the  acid  has  dried  up.  Sooner  or  later  the  acid 
Avill  have  spread  over  the  whole  area  enclosed  l)y  tlie  wax  ring. 
The  slide  must  on  no  account  be  disturbed  until  tlic  acid  is 
quite  dry. 

(8)  The  wax  I'ing  is  now  removed  initl  the  slide  is  cleaned  with  a 
piece  of  soft  cambric  as  close  up  as  possible  to  the  section - 
remnant;  this  removes  the  dissolved  material  which  has  been 
deposited  over  an  area  whicli  is  abnur  fnrty-five  times  that  of 
the  area  of  the  .section-remnant. 

(0)  A  wax  I'ing  is  again  niad<'  ai-iiiind  the  sprcinii'ii,  and  this  is 
returned  to  its  levelling  stand  iii  tlie  incul)atiii-.  A  fnrther 
three  drops  of  niti'ic  acid  ai'e  now  a])|dieil  iri//i  f/ir  f/reafts-f 
care  to  the  surface  of  the  slide  within  the  ring:  they  should  be 
deposited  as  far  a.way  as  possilde  frnni  the  iiosiTJim  (if  tlie 
section-remnant. 

(10)  The  specimen  remains  alisniuicly  iindisl  ii  i-lird  uniil  thi'  arid 
lias  again  entirely  dried. 

Almost  the  whole  of  the  oi-ganic  matter  is  destroyed  by  this  method  : 
.1  trace  of  gelatinous  material  is  left,  and  this  serves  tn  attach  thv 
niinetal  j)artirles  to  tlie  slide.      The  parlirlcs  of  i-ai-bon   are  tiot    ilestroycd 
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The  result.s  obtained  during  llie  prugit,'.s.s  uf  one  of  these  experiments 
have  been  photographed  at  each  imisortant  stage  of  the  process  (Figs. 
1"),  16,  17,  and  18).  These  photographs  enable  those  who  have  not  the 
opijortunity  of  repeating  the  work  to  realise  what  an  enormous  number 
of  quartz  particles  may  be  concealed  in  the  field  of  a  silicotic-lung-section  : 
the  contrast  between  the  polariseil  field  of  the  section  before  treatment 
(Fig.  l-"3)  and  the  same  field,  viewed  by  orilinary  light,  after  ti-eatiiie]it 
(Fig.  17),  requires  no  emphasis. 

Tlie  photographs  also  demonstrate  that  the  deposits  of  carbonaceous 
matter  (pigmented  areas)  are  an  accurate  L;uide  to  the  pusition  of  tlie 
occult   qtiartz   particles. 

The  foregoing  method  need  only  be  employed  when  it  is  of  imjxirtance  Kapia  metiiod 
that   not  the   slightest    disturbance    of    tlie  mineral   particles    from    their  °),ine"a[""^ 
original     situation     shall     take     place.        For     rougher     work     in     the  "J'^^u^Jj,, 
demonstration  of   occult   mineral   matter   in  sections   we   reconnnend   tlie  niicroscopic 
use  of  strong  hydrobromic  acid   (about   30%    HBr  gas.  specific  gravity  "^ 
1'38).*     The  section  must  not  l)e  mounted  in  Canada  balsam,  but  merely 
cleaned  with,  and  mounted  in,  .xylene.     After  the  position  of  the  field  to 
be  examined   foi'  occult  silica  has  been  recorded  by  means  of  the  stage 
micrometers,  tlie  cover-glass  is  slipped  off.  tlie  xylene  removed  by  alcohol, 
and   the  si^ecimen    dried;    in  tliis   condition   the   section    is   opacjue   and 
psetido-birefringent.      The  cover-glass  is   replaced,    the  slide  restored  to 
its  place  on  the  stage,  and  a  ■•<maU  drop  of  the  HBr  is  deposited  at  one 
side  of  the  cover-glass.     As  the  acid  sjareads  into  the  specimen  it  destroys 
the  stain    and    renders   the    tissue    transparent    (hydrolysing    the   tissue 
to  a  material  resembling  gelatine),  so  that  occtdt  silica  becomes  visible. 
There  is  a  danger,  however,  that  artificial  birefringent  objects  (crystals 
of    hydroljiomides    of    amino-acids)   may    be    created    at    this  stage.      If 
therefore   it    is   desired   to   exclude  this   possible   fallacy   the   slide   >1iould 
be    removeil    from   the    microscope-stage    and    cautiously    warmed    over   a 
iniL'iii-lninuT    until    the    organic   tissue     disapjiears.     without,     however, 
causing  the  liqtiid  to  boil,  which  would  cause  great  displacement  of  tlie 
contents.     The  mineral  matter  is  then  left  in  a  homogenous  fluid  medium, 
and  the   specimen   may   be  examined   in   ordinary  light    for   (juaitz    and 
in  polarised  light  for  fragments  of  accessory  minerals. 

It  will  be  noticed  that  the  section  (Fig.  1.")).  wliidi  is  illustrated 
in  the  seides  of  photographs,  shows  a  condition  of  marked  i)erivaseular 
fibrosis,  tlie  e.xtraneous  mineral  matter  being  incarcerated  mainly  in  the 
new  connective  tissue  wliich  has  developed  around  an  arterv  and  vein. 
It   is   in  this  i-elatively  early  stage  of  silicosis  that  extensive  deposits  of 


*  The  refractive  index  oi  tliis  HBr  is  low  (  =  1.42).  .so  that  even  minute 
mineral  fraeiments  are  conspicuous.  Hvdrobromic  acid  is  chosen  because 
it  has  a  high  boiling  point,  and  does  not  fume  appreciably  or  cause  evolution 
of  gas  under  the  cover-glass;  nitric  acid  is  unsuitable  for  the  latter  reason. 
Sulphuric  acid  causi  s  charring  and  too  dark  a  coloration.  Hydrochloric  acid 
is  destructive  to  microscope  objectives  owing  to  its  fumes.  "Porrhloric  aricl 
jiiav   be  satisfactorily  substituted   for  hydrobromic  acid. 
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The  Xatiirc  of  SiHcotic-Iumf-dust 


"  Fibrotic 
consolidation  " 
not  associated 
with  unusually 
large  deposits 
of  mineral 
matter. 


The  occurrence 
of  birefringent 
mineral    par- 
ticles in  the 
lungs  of  those 
not  specially 
liable  to 
silicosis. 


occult  silica  can  l>e  most  strikiugh-  disclosed;  in  tliu  later  stages,  when 
the  pulmonary  alveoli  have  become  entirely  obliterated  bv  the  ovei-- 
growing  connective  tissue  and  the  substance  of  the  luijg  has  lost  most 
of  its  anatomical  oharacterLstics,  the  deposits  appear  less  concentrated 
and  less  definiteh'  localised. 

The  condition  which  has  been  described  by  uiie  of  ns  '-  as  "  tibr(jtic 
consolidation  "  of  the  gold-miner "s  lung  is  characterised  hy  tlie  excessive 
development  of  "nodules''  of  young  connective  tissue  around  tlie  vessels 
and  air  tubes  of  the  lobules:  the  lesion  arises  in  any  stage  of  the  silicotic 
process.  The  "nodules"  thus  produced  increase  in  number  and  size, 
and  may  thus  come  to  almost  entirely  replace  the  lung  tissue  of  the  lobe 
or  portion  of  the  lobe  in  which  they  have  ai-ison.*  Reasons  are  given 
(loc.  cit.)  for  concluding  that  this  very  counnonly  occurring  lesion  in  tlie 
silicotic  lung  is  due  to  infection  by  tlie  tubercle  bacillus  ;  tliat  it  is  not 
due  to  any  locally  excessive  deposit  of  quartz  particles  has  now  been 
ascertained.  AMien  sections  of  this  young  luxuriant  fibrous  tissue  are 
submitted  to  destruction  by  either  of  the  processes  we  have  detailed 
above  excessive  amounts  of  cjuartz  are  not  disclosed  amongst  its  spindle- 
shaped  cells,  the  deposits  are  still  confined  to  their  original  positions 
around  the  small  vessels  and  bronchioles. 

The  facts  that  the  lung  of  the  newly-borji  infant  contains  ]io  silica, 
and  that  the  amount  of  this  mineral  which  can  Ije  recovered  from 
the  lung  tissues  increases  with  age,'''  suggest  the  proliability  that 
l^irefringent  ]>articles  of  extraneous  origin  wotdd  lie  detected  in  the  lungs 
of  all  adults. 

As  it  is  probable  that  at  least  tiie  greater  part  of  tlie  silit'a  normally 
present  in  the  adult  lung  has  been  inhaled,  it  may  be  presumed  that  its 
presence  woidd  be  more  obvious  in  the  kings  of  those  who  liave  lived  in 
countries  were  sand-storms  are  prevalent. 

We  have  examined  the  lungs  of  a  farmer  from  the  Orange  Free  Slate 
(who  died  at  the  age  of  56  from  a  pontine  tumour)  and  also  those  of  a 
"  bijwoner  "  (or  tramp)  from  the  Pretoria  district,  who  died  at  the  age 
of  515  from  a  disease  which  did  not  implicate  the  lungs.  In  both  instances 
the  relatives  and  friends  stated  that  the  deceased  had  nevei-  worked  in 
tlie  mines. 

Microscopic  sections  of  the  farmers  lungs  showed  occasional  small 
areas  of  perivascular  fibrosis  indistinguishable  from  those  associated  with 
very  earlv  silicosis,  and  in  these  areas  a  few  doubly-refractile  particles 
could  be  detected.  In  the  lungs  of  the  ■'  liijwoner  '"  occasional 
birefringent  mineral  fragments  could  also  be  found  i'ml)odded  in 
perivascular  deposits  of  carbonaceous  jiarticles.  In  Ixiih  eases  the 
birefringent  particles  were  mainly  composed  of  quartz  and  serieite.  On 
the  otlier  hand  a  large  quantity  of  occult  quartz  was  jH'vealed  wlieii  thesi' 


'  When  these  nodules  are  divided  by  cutting  through  a  silicotic  lung 
thc.v  arc  usually  found  to  disclose  a  coarse  filigree  pattern,  aiul  in  such 
circumstances  tliev  have  been  referred   to  as   "fibrotic  figures." 
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specimens  were  destroyed  by  acid  treatment.  The  quartz  particles  thus 
disclosed  I  Fig.  19)  were  of  the  same  general  appearance  as  those  found 
in  silicotic  lungs — usually  rounded  or  triangular  scales — but  were  on  the 
Avhole  decidedly  larger.  The  average  diameter  was  about  3  ij.,  which  is 
about  twice  that  which  we  have  stated  tri  hv  tlie  average  diameter  of 
silicotic  lung  particles. 

Birefringenr    (il)iects    of    other    than    mineral    nature    are   sometimes  Birefringent 

-.,.,.,  .  ,      ,  .    .  ,  II-  objects  of  other 

encountered  m  histological  specimens,  and  Tlie  recognition  (<i  sncli  objects  than  mineral 
may  prevent  mistakes.  nature. 

Tissues  which  are  ultimately  tibrillar  or  laminar  in  structure  (when 
prepared  for  histological  examination)  are  definitely  birefringent,  and 
this  property  is  enhanced  when  they  have  been  stained  with  certain  dyes 
such  as  eosin  and  methylene  blue.  Fibrous  tissue,  striped  muscle  fibre, 
and  cuticiilarised  epithelium  are  usually  conspicuously  birefringent,  and 
we  have  noted  instances  of  the  same  phenomenon  in  the  nuclei  of  some 
of  the  component  cells  of  malignant  new  growtli.s — both  connective-tissue 
and  epithelial  in  origin. 

It  is  almost  needless  to  remark  tliat  hbrous  tissue  is  the  only 
inherently  birefringent  tissue  likely  to  be  encountered  in  sections  of 
diseased  lungs.  It  is  to  be  observed  that  in  this,  as  in  all  other  instances 
iif  l)irefringence  due  tu  hbrillar  structure,  the  polarisation  is  greatest 
when  the  long  axis  of  the  hbrils  lies  at  15'  to  tlie  axis  of  either  of  the 
crossed  Xicols.  and  tliat  it  disappeai's  when  it  is  paralU^l. 

Animal  hairs  and  fibres  of  cotton  (eitlier  of  which  may  be  accidently 
included  in  a  microscopic  specimen)  are  strongly  birefringent  objects — 
floubtless  in   consequence  of  tlieir  tiV)iillar  structure. 

Birefringent  particles  of  organic  nature  are  sometimes  encountered 
in  mounted  lung-sections.  When  tlie  tissues  have  been  coloured  by  van 
Giesson-haematein  stain,  for  instance,  minute,  brown  needles  of  fuchsinc 
picrate,  from  5  to  10  ij,  long  by  1  to  2  y.  broad,  and  occurring  singly  or 
in  clusters,  may  be  found.  They  are  taxilij  risible  in  ordinarn  light,  and 
give  a  bright  yellow  polarisation  under  crossed  Xicols.  In  the  latter 
circumstances  they  might  possibly  be  mistaken  for  sericite  fragments  : 
they  are,  however,  easily  soluble  in  alcohol,  and  are.  as  already  stated, 
plainly  visible  Ijy  ordinary  light.  From  chemical  analogy  it  is  25robable 
that  any  basic  dye  is  capable  of  yielding  a  crystalline  and  birefringent 
product  with  picric  acid.  Cholesterol,  uric  acid,  and  certain  crystalline 
derivates  of  haemoglobin  (such  as  haeinin)  are  doulily-refractile  but  are 
not  likely  to  be  encountered  in  lung  sections. 

Microscojiic  specimens  which  have  been  mounted  in  Ijalsam  for 
several  years  are  sometimes  found  to  exhibit — scattered  throughout  the 
balsam — numerous  bright  acicular  and  plate-like  images  under  crossed 
Xicols  :  they  are  eitlier  invisible  or  barely  visible  in  ordinary  light,  and 
appear  to  Ije  due  to  the  formation  of  crystalline  substances  in  the 
balsam.      They   disapjiear   when    the  slide  is  warmed. 
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Quantity  of 
extraneous 
mineral  matter 
in  different 
stages  of  tlie 
disease  and 
in  "  normal 
lungs. 


Some  attempt  has  been  made  td  eoiTelate  tlie  progress  of  tlie  disease 
with  tlie  quantity  of  minei'al  matter  disclosed  when  microscopic  sections 
of  hiniT'^  at  <Iifferent  stages  of  tlie  pathological  process  are  destroyed  by 
iiitiie  acid,  or  rendered  transparent  witli  liot  hydrobromic  acid. 

One  somewhat  surprising  result  of  these  experiments  has  already 
Ijceii  referred  to  (p.  20),  viz..  that  sections  of  lung  tissue  in  which 
"Hljrotic  consolidation  "  has  occuned,  and  wliich  consist  essentially  of 
new  and  somewhat  looselv  compacted  tiltioiis  tissue,  do  not  yield  excessive 
(piantities  of  mineral  matter.  Even  by  dii-ect  examination  of  such 
sections  under  polarised  light  the  comparative  paucity  of  acicular  images 
is  obvious,  and,  although  the  sections  when  destroyed  by  acid  show 
pei-liaps  100  times  as  many  non-acicular  (piartz  iiarticles  as  there  were 
acicular  images,  yet  this  large  numlier  is  far  smaller  than  the  number  of 
]iarticles  liberated  by  acid  from  sections  of  less  markedly  fibi'osed  lung 
lissue. 

The  general  statement  aj)iieais  justitied  that  the  greatest  pi'oportion 
of  extraneous  mineral  matter  is  to  be  found  in  sections  of  lung  tissue  in 
the  earlier  stages  of  the  silicotic  process,  and  in  tissue  in  Avliicli  the 
fibrosis   is  still   of  microscopic  character. 

In  the  same  way,  a  comparison  of  the  amounts  of  extraneous  mineral 
matter  yielded  by  an  "early  silicosis"  section,  and  by  the  "Pretoria 
tramp  "  section,  gave  the  apjiroxiniate  result  that  the  forniei'  contained 
about  ten  times  as  many  mineral  particles  as  the  latter.  The  number 
of  mineral  particles  in  tliis  latter  "normal  lung'"  was  nevertheless 
calculated  to  be  about  three-quarters  of  a  million  per  milligram  of  dry 
section,*  or  about  100.000  million  in  both  lungs  (assuming  140  grams 
as  their  dry  weight).  This  is  for  so-called  "  normal  "  lungs,  whereas 
the  number  in  a  silicotic  lung  proper  must  certainly  be  counted  in 
billions,  and  in  some  cases  may  be  as  many  as  20  to  30  millions  of 
millions.  Although  the  order  of  magnitude  of  these  results  can  be 
depended  upon  it  is  obvious  that  such  calculations  are  open  to  grave 
sources  of  error,  and  too  much  stress  should  not  therefore  be  placed  upon 
the  actual  figures.  The  largeness  of  the  number  of  particles  in  "normal" 
lungs  appears,  nevertheless,  to  justify  the  remark  that  the  term  silicosis 
is  scarcely  specific  enough  for  the  disease — tlie  condition  is  really  one  of 
hiiper-silicosis. 


*  Dry  sections  varying  in  area  between  70  and  80  sq.  mm.  and  having  a 
nominal  thickness  of  o,j  weigh  from  ().08  mg.,  in  "  normal  lung",  to  0.5  mg. 
in   cases  in   wliicli   the  silicotic   pi'ocess  is  far  ad\'anc-e(l. 
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SU.M.MAIJV   AND   COXCLISIOXS. 

1.  A  detailed  descriiitirm  <if  tlie  use  ol"  polarised  lii^lit  for  deteetin^' 
mineral  particles  in  sections  of  silicotic  lunps,  and  of  the  phenomena 
observed,  is  given. 

2.  Those  polarising'  mineral  particles  which,  in  sections,  nearly 
always  liave  an  acicular  appearance  (i.e.,  at  least  tliree  times  as  long  as 
they  are  broad)  are  now  shown  to  consist  of  two  main  classes,  vi:.  : 
(1)  Tiny  quartz  scales  wliich  are  lield  by  the  tissues  in  positions  making 
a  large  angle  with  tlie  horizontal  plane  of  the  section  wiiich  contains 
them,  and  which  thus  give  risie  to  the  optical  illusion  of  their  being 
acicular  particles  :  and  (2)  Crystalline  frauiiients  and  crystals  nf  the 
accessory  minerals  which  accompany  ipiartz  in  tlie  reef  of  the  Rand, 
mainly   sericite-mica   and    rutilc. 

3.  Those  quai-tz  particles  which  do  nut  polarise  to  any  appreciable 
extent  are  either  particles  of  less  than  •Jij.  in  diameter  or  if  lai'ger  tiiey  are 
flattened  ami  lie  nearly  horizontally.  Since,  like  all  ipiartz  particles, 
they  have  very  nearly  the  same  refractive  index  as  Canada  Ijalsam,  they 
cannot  be  dviiiun.-^trated  in  lung  sections,  either  l)y  (irdinary  or  polarised 
light,  without  ilestroying  the  organic  matrix  in  whicli  they  lie.  These 
occult  particles  of  quartz  constitute  over  09%  of  the  total  numbei-  of 
pai'ticles  revealed  by  the  processes  we  liave  employed  :  they  are  not 
acicular,   but  are  essentially   roundi.sh  or  three-sided  thin  .■^cak's. 

4.  The  bright  jjolarising  effect  of  the  accessory  minerals,  such  as 
sericite,  is  due  to  their  high  birefringence.  It  is  fortunate  that  the 
mine-dust  of  the  Rand  contains  such  an  appreciable  quantity  of  markedly 
birefringent  matter,  since  this  sei'ves  to  indicate  the  position  of  the 
deposits  of  quartz  fragments  and  has  thus  assisted  in  elucidating  the 
jiathology  of  the  disease. 

.").  A  full  iliscussiou  of  birefi'ingvncc,  p.seuilo-birefringeiicc,  and 
refractiVL-   indices   as   applied   to  this  problem  is  given. 

6.  The  method  of  destroying  lung  tissue  by  means  of  lixdruchloric 
acid  and  potassium  chlorate  was  found  to  have  resulted  in  the  dissolving 
away  of  most  of  the  accessory  minei-als  present  in  silicotic  lungs.  Two 
new  methods,  which  have  not  this  objection,  are  de.scribcd,  togethei-  with 
a  rapid  process  which  is  appliraldi'  to  microseope  sectioiis  of  tissue. 

7.  The  (rue  eonlcnts  of  IJand  silieotir  lungs  with  regard  lo 
extraneous  mineral  matter,  as  thus  levealed.  were  found  to  be  identical — 
physically,  chemically,  and  in  the  numerical  ratio  of  the  particles  of 
quartz  to  that  of  particles  of  accessory  polarising  minerals — with  the 
finer  portion  of  Rand  mine-dust.  Xo  indication  of  physiological  selection 
of  ])articles  was   found  except    in    regard   to   size, 
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8.  The  amount  of  extraneous  mineral  niattor  in  "  nornnil  "  hin_a-.s 
(of  elderly,  non-mining  South  Africans)  was  found  to  be  considerable, 
and  to  include  a  large  proportion  of  quartz  as  well  as  some  more 
birefringent  minerals.  The  j^ossiblc  relationship  between  this  condition 
of  "normal"  silicosis  and  liability  to  pulmonary  tuberculosis  is  not 
discussed. 

0.  The  amount  of  extraneous  mineral  matter  present  in  silicotic  lungs 
is  much  greater  than  in  the  "  normal  "  lung.  The  maximum  amount  Avas 
found  in  cases  in  which  the  disease  was  in  its  earlier  stages  and  before 
extensive  disorganisation  of  the  lung  by  "  fibrotio  consolidation"  had 
occurred.  An  aj^proximate  estimate  of  tlie  number  of  mineral  particles 
present   in   the  lungs  is  given. 

10.  Attention  is  drawn  tn  birefringent  tissues  and  birefringent 
(ibjects  which  are  not  of  mineral  nature  and  which  may  be  encountered 
171  liistological  sections. 

JOHAN^'KSHUlid, 

Sc/ifr/iifxr   1',,    l!)l(). 
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Fig.  2.  Fine  iniue-air  dust;  polarised  light: 
X  60.  On  the  left  of  the  field  the  dust  is  in 
Canada  balsam,  and  on  the  right  in  air. 
The  latter  i)ortion  of  the  held  shows  the 
phenoini'uon   of    pseudo-birefringenee. 


I'"ig.    'A.      Partic'les    of     English    tiiiit 

(as  used   hy     'knappers")  in  Canada 

balsam:  urdiiiarv   light:    X   oO. 


Fig.    4.      Similar    >i)e<Jnien 
polai-iMMl    liglit:    X    -JIM). 


Fig.  -5.     Fragments  of   crushed   matrix  ot 

banket   ore    in  Canada  balsam  :   polarised 

light:      X      130.        Sericite       and       nitile 

particles. 
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Diagram   of   coiiiiin 
nitile    cry.stal. 


Fig.   7.     Diagram    of    doubly 
goniculated  crystal  of  rutile. 
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Fip;.  ,^.     Fine  dust  irom  iiiino-air;    x    (500.     X^ar  tho 

c-ontro   of  tlio   field    is   n    (j;eniciil;nod    twin    ciystnl    ot 

lutile. 
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Fig.  !».     y\\\v  dust  from   niino-air    x    700. 
Ai4gro<j;atifm   ni    fivo  rutilo  r-rvstais. 


I'iti.  ]().     Diiiiiraiii    of    cniiiiiinii 
Ziicoii    (Tvstal. 


FiV.    n.      r)iai;iain      of     geiii- 
ciilatt'd   twill   civstal  of  zircon. 


Fig.  12.     Fine  dust  from  mino-air:    x   700.     Near  the 

centre   ot    tlie    field    is   a    geniculated    twin    crystal    of 

zircon. 
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Fiy.   13.     Extraneous    mineral    dust    extracted    from 
silifotic  lung;  mounted  in  air;  ordinary  light;   X  400. 
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Fig.  11.     Similar  specimen;    x    1000.     The  elongated 
object  near  the  centre  of  the  field  is  a  rutile  crystal. 


Fig.   lo.     Earlv    pulmonary   silicosis;    polarised 
light ;    x'  48. 
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Fig.   16.     The    same    field    after  first  treatment    with 
HXO.J ;  ordinary  light;    x  48. 
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Fi--    17       Tin-    s;iiii.-   li*"l<l    ntt.i    second   treatment    with 
HNO.  ;  ordiiiaiy  light;    X   48. 


Fig.  18.     Near  the  centre  ot  the  same  field  after  second 
'^treatment  with  HXO, ;   ordinary  light;    x   900. 
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Fig.   19.     Extraneous     iiiiueral    dust    extracted    from 
"normal"    lung    tissue:    mounted    in    air;    ordinary 
light;    X    240. 
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AN  EXPERIMENTAL  STUDY  OF  PROPHYLACTIC 
INOCULATION  AGAINST  PNEUMOCOCCAL 
INFECTION      IN     THE     RABBIT     AND     IN 

MAN. 

Bt  F.   S.  lister,  M.R.C.S..   L.R.C.P. 


This  work  was  undertaken  with  the  particular  object  of 
investigating  the  possibility  of  conferring  upon  man  immunity  against 
Lobar  Pneumonia.  It  is  almost  certain,  however,  that  such  an 
immunity,  if  attained,  would  be  found  to  extend  to  other  diseases,  e.g.. 
Pneumococcal  Peritonitis  and  Pneumococcal  Meningitis;  it  might, 
indeed,  extend — though  the  grounds  for  such  hypothesis  are  not  so 
good — to  some  catarrhal  conditions  of  the  respiratory  tract  which  result 
from  ijneumococcal  infection.  The  Pneumococci  concerned  in  this  latter 
group  do  not  belong  to  those  classifiable  strains  so  predominantly 
associated  with  the  first  three  diseases  above  mentioned. 

Lobar  Pneumonia  is.  a  disease  of  great  importance  to  South  African 
mining  communities;  even  in  years  of  least  prevalence  it  probably 
accounts  for  more  than  30%  of  the  total  mortality  amongst  native  mine 
labourers,  and  in  the  worst  years  it  contributes  50%,  or  even  60%,  of 
the  total  mortality. 

Many  of  the  native  workers  are  employed  for  six  months  only, 
and  the  longest  contract  for  such  labourers  is  about  one  year;  there 
is,  however,  a  very  marked  incidence  of  Lobar  Pneumonia  amongst 
new  arrivals.  The.se  two  facts  are  of  some  importance,  becavise  an 
efficient  immunity  of  only  a  relatively  brief  duration  would  accompli-sh 
its  object  as  far  as  native  mine  labourers  on  the  Rand  are  conoerned. 

I  liave  succeeded  in  finding  but  two  references  dealing  specifically 
with  prophylactic  inoculation  against  pneumococcal  infections,  either 
in  man  or  animals;  the  records  of  attempts  to  devise  or  discover 
therapeutic  agents  eonstitute,  on  the  other  hand,  a  very  eonsideiable 
literature. 

J.  Brucker  and  P.  (ialasesco^  recently  reported  the  arrest  of  an 
epizootic  of  Pneumococcal  Septicaemia  occurring  amongst  500  guinea 
pigs.  They  inoculated  the  animals  on  tliree  occasions  with  a  killed 
broth  culture  of  Pneumococci,  and  found  tliat  there  were  no  furtlier 
deaths  after  the  tliird  inoculation.  In  a  similar  outbreak  during  the 
previous  year  160  animals  had  died  out  of  200  exposed  to  the  infection. 
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Tlie  work  of  Sir  Alnimth  Wrij^lit-  and  liisi  .co-workers  (Drs.  Parry 
Morgan,  R.  W.  Dodgson,  and  L.  Colebrooke)  affords  tlve  sole  contribution 
to  the  .su])ject  in  ,so  far  as  man  is  concerned. 

The  conclusions  arrived  at  by  Sir  Almrotli  Wright  and  his  co-workei's 
are  based  upon  investigations  carried  out  at  Johannesburg,  Transvaal, 
at  the  end  of  1911  and  throughout  1912.  Their  Avork  comprised 
cliiefly — (1)  The  (leterniinatinn  of  the  inimunilogical  changes  in  Natives' 
sera  which  were  consequent  upon  their  method  of  prophylactic  inocula- 
tion (such  changes  being  investigated  by  means  of  phagocytic  mixtures 
and  bactericidal  tests  in  vitro);  and,  (2)  The  experimental  inoculation 
of  large  groujis  of  native  labourers,  and  the  evaluation  of  the  immunity 
so  conferred  by  a  statistical  consideration  of  the  incidence  of  Lobai- 
Pneumonia  in   inoculated  and  control  groups. 

It  is  unnecessary  to  leview  in  detail  the  many  conclusions  and 
liypotheses  set  out  in  the  record  of  their  important  piece  of  Avork — a 
work  which  entailed  an  immense  amount  of  labour.  In  tlie  light  of 
certain  biologic  facts  resj^ecting  tlie  Pneumococcus,  whicli  have  since 
been  discovered,  it  is  possible,  however,  to  experiniientally  disprove 
such  of  their  conclusions  and  hypotheses  as  refer  to  the  production  of 
demonstrable  antibodies  in  the  sera  of  pneumonic  patients  and  in  the 
sera  of  Natives  inoculated  with  pneumococcal  vaccine;  and  it  is  also 
possible  to  show  that  they  very  greatly  underestimated  the  degree  of 
immunity-response  of  which  botli  African  Natives  and  Europeans  are 
capable. 

They  report,  for  instance,  ''that  the  agglutination  reaction  is  with 
the  pneumococcus  only  very  irregularly  obtained";  and,  speaking  of 
subcultures  of  the  Pneumococcus  from  blood  and  lung-punctures,  that 
"The  vast  majority  of  these  gave  no  agglutination  reaction  Avith  the 
blood  of  any  patient.  Moreover,  in  the  case  of  those  exceptional 
cultures  Avhicli  gave  agglutination,  we  obtained  the  I'eaction  not  only 
AA'ith  a  large  number  of  sera  fiom  pneumonic  ji^^tients,  but  also  Avitli  a 
number  of  normal  sera.  By  consequence  we  put  aside  the  agglutination 
test  as  one  that  could  not  he  utilised  for  the  purpose  of  estimating 
the  effect  joroduced  by  pneumococcus  vaccines."  So  far  is  this  from 
being  correct  that  I  hope  to  make  it  clear,  subse(]uently,  that  at  least 
"90%  of  pneumococcal  cultnies  obtained  l)y  luiig-})uiictui-e  ar<' 
agglutinated  by  the  patient's  oaa'u  serum:  that  agglutinins  are  very 
constantly  produced  :  that  tlicy  can  be  demonstrated  in  the  serum  of 
l)ot]i  the  ral)l)it  and  man  as  a  result  of  inoculation  Avitli  killed 
Pneumococci :  that  the  phenomenon  of  agglutination  is  the  surest  and 
most  accurate  guide  as  to  the  progress  of  immunisation  :  and,  finally, 
that  agglutination  never  occurs  with  normal  serum,  provided  the 
Pneumococci  employed  belong  to  that  class  caiDable  of  giving  rise  to 
Lol)ai-   Pneumonia. 
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In  summing  up  the  thousands  of  opsonic  estimations  which  thev 
undertook,  and  referring  to  the  degree  of  immunity-response  of  which, 
as  judged  bv  this  procedure,  an  inoculated  Native  is  capable,  they 
wi'ite — "We  were  able  to  satisfy  ourselves  that  the  doses  of  200  to  300 
millions  which  we  were  tentatively  administering  at  the  outset  of  our 
work  elicit  in  the  Xative  an  opsonic  I'esponse  which  brings  him  iri 
the  ordinary  case  up  above  the  level  of  the  uninoculated  Xative,  and 
in  the  favourable  cases  up  to  the  level  of  the  Xative  who  is  making  good 
immunising  response  against  pneumonia.  In  other  words,  the  opsonic 
response  which  is  in  favourable  cases  elicited  in  a  Xative  by  a  dose  of 
200  to  300  millions  of  pneumococci  would  seem  to  be  not  much  beloir 
/lis  maximal  opsonic  response'^ — assuming  this  to  correspond  to  the  best 
opsonic  resiJonse  met  with  in  the  Xative  pneumonic  patient."  An 
estimate  of  what  is  to  be  understood  by  "the  best  opsonic  response  met 
with  in  the  native  pneumonic  i:)atient  "  may  be  gathered  from  a  foot- 
note, which  is  as  follows: — '^That  this  level  is  sometimes  higher  than 
that  of  the  luvinocnlated  European  will  be  seen  on  referring  to  tables 
IV.  and  Y.  and  noting  that  there  were  among  eight  pneumonic  patients 
two  who  had  a  higher  phagocytic  count  than  any  of  our-selves." 

On  turning  to  the  tables  referred  to  in  this  foot-note  we  find  that 
the  example  showing  the  greatest  sui^eriority  of  a  X'ative  patient's 
serum  over  that  of  the  best  European  tested  indicates  an  opsonic  index 
of  1'9,  and  it  is  to  be  specially  remarked  that  the  cultures  used  in  a 
great  num1>er  of  these  experiments  were  chosen  from  those  which  gave 
some  degree  of  phagocytosis  both  with  noniial  European  and  normal 
Native  .sera   in   order  that   differential   results  might   be  obtained. 

The  autliors,  in  discussing  "The  Racial  Differences  between  the 
Tropical  African  Xative  and  the  European  with  respect  to  the 
Antibacterial  Effect  which  their  Blood.s  exert  upon  tlie  Pneumococcus, " 
make  the  following  statements: — "That  it  is  only  exceptionally  that  the 
opsonic  index  of  the  Native  who  is  making  immunising  i-esponse  comes 
up  tit  the  arithmetical  mean  of  the  piieumo-opsonic  indices  of  the 
Europeans  who  served  as  controls  in  these  measurements.  The  full 
significance  of  this  fact  comes  home  to  us  only  when  we  realise  that  it 
is,  not  so  much  the  original  content  of  a  patient's  blood  in  protective 
substances,  as  his  capacity  for  generating  these  in  response  to  microbic 
invasion  which  gives  the  measure  of  his  power  of  combating  infection. 
Once  this  principle  has  been  grasped  it  becomes  clear  that  there  is 
furni.shed  to  us,  in  the  comiDarison  between  the  opsonic  power  of  the 
normal  white '  man  and  that  of  the  Native  who  is  making  active 
immunising  response,  a  better  measure  of  the  Native's  defect  of 
resistance  than  is  afforded  by  the  comparison  between  the  opsonic  power 
of  the  normal  white  man  and  that  of  the  normal  Native." 


Tlu-   italics   in  tliis  and   subsequent   cuintatinii^   aro   mino. — Auinm;. 
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The   atitliors   deal  at   some  lenfi:tli  Avith  tlie   many   difficulties   which 

arise   in    opsonic    investigation  wliere    tlie    Pneumococcus    is    concerned, 

and   sa}-   that   tliey    derived   "a  lamentably   .small   harvest   of    suggestive 
and  interesting  facts." 

It  will  be  seen  from  the  experiments  Avhich  1  detail  later  that  tlu' 
maximal  oj^sonic  response,  not  only  of  the  Native  pneumonic  j^atient 
but  also  of  tlie  inoculated  Native,  is  far  greater  than  one  woukl  bo 
led  to  assume  from  the  foregoing  conclusions  of  these  authors.  It  is 
sufficient,  for  the  present,  to  state  that  a  culture  of  Pneumococcus  wliicli 
gives  no  phagocytosis  with  a  normal  Eur(ipean  serum  will,  nevertheless, 
show  a  phagocytosis  in  vitro  of  from  500  to  3,000  cocci  in  50  leucocvtes 
(after  only  15  minutes'  incubation  at  •'iT^C.)  with  an  homologous  serum 
obtained  from  either  a  Native  pneumonic  patient  (in  the  post-critical 
stage)   or   a   suitably   inoculated   Native. 

The  prophylactic  dose  of  from  200  to  "300  million  cocci  (which  Ava.s 
stated  to  be  capable  of  producing  a  degree  of  immunity  not  far  short 
of  the  "maximal  opsonic  response"  foi-  a  Native)  Avas  subsequently 
increased  to  one  of  1,000  millions;  this  increase  was  decided  ujjon  in 
consideration  of  the  statistical  results  obtained  from  very  large  groups 
of  inoculated  Natives  and  their  controls.  There  is  no  record,  liowever, 
to  show  that  the  sera  of  Natives  inoculated  with  this  increased  doso 
exhibited  any  greater  rise  of  opsonic  or  bactericidal  power  than  tliosc 
previously  treated  with  a  dose  of  from  200  to  300  millions. 

The  work  I  now  record  will  demonstrate  that  larger  doses  than 
1,000  millions,  even  of  a  single  strain  of  Pneumococcus,  are  necessary 
in  order  to  give  rise  to  demonstrable  antibodies  in  a  Native's  or 
European's  serum;  and  furthermore  it  Avill  be  sliown  that  it  is  essential 
for  practical  jourposes  to  immunise  against  more  than  one  group  of  the 
Pneumococcus. 

The  authors  further  point  out  that  "our  opsonic  measurements 
failed  to  tell  us  (a)  what  is  the  optimum  dose  of  pneumococcal  vaccine 
for  general  use  in  prophylaxis  .  .  .  (c)  whether  one  inoculation 
ought  to  'be  followed  up  by  another,  and  if  so,  hoAv  soon  it  ought  to 
be  followed  up;  and  {<l)  Avliether  a  single  hypodermic  inoculation,  or 
(e)  the  same  aggregate  dose  of  vaccine  distributed  in  multiple  hypodermic 
inoculations  or  (/)  intravenous  inoculations  give  tlic  l>est  iniiiiunising 
response." 

In  the  following  pages  I  deal  specifically  Avith  these  questions,  and 
the  recorded  experiments  Avill  afford  definite  anSAvers  to  each  of  them. 

It  would  ill  become  me  to  criticise  the  conclusions  of  such  a  great 
authority  as  Sir  Almroth  Wright  Avere  I  not  very  sure  of  my  ground, 
and  AA'ere  I  not  also  convinced  of  the  necessity  of  attempting  to  overtake 
and  rectify  the  erroneous  impressions  which  must  doubtless  liavc  been 
formed  in  the  minds  of  many  after  a  perusal  of  his  Report.  I  am 
particularly   indebted  to   Sir   Almrotli   Wright   for   pei-sonal   insti-uction 
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in  his  special  and  ingenious  methods  of  teohni(|ne;  I  havc^  u.sed  them 
throughout  this  -work,  and  for  them  and  tlieir  uriginatur  1  have  the 
greatest  admiration. 

We  have  now  to  ask  ourselves  what  are  the  fundamental  discoveries 
in  connection  with  this  important  subject  wliich  have  l>een  made  since 
the  completion  of  the  Report  referred  to,  and  which  have  made  it 
possible  to  demonstrate  how  widely  divergent  are  the  actual  facts  from 
the  conclusions  of  Sir  Almroth  Wright  and  his  co-workers?  They  are 
briefly   as   follows:  — 

(1)  Pneumococci  liave  been  sei)arated  into  distinct  biologic  groups; 

and, 

(2)  Tlie   immunity  established   in    animals    (including   man)   by   the 

inoculation   of   a   vaccine   prepared   from  a  member   of   any  of 
tliese  groujDs  is  specific  only  against  such  group. 

Classi/icntio/i    of    Pneumococci    info    Distinct    Biologic    Groups. 

During  1913,  A.  R.  Dochez  and  L.  J.  Gillespie,^  in  America,  and 
tlie  author  independently  in  South  Africa,^  classified  Pneumococci  into 
distinct  biologic  groups.  Immunilogical  and  serological  reactions  were 
the  basis  of  these  classifications,  and  the  phenomena  associated  with 
them  were  shown  to  be  specific  for  each  group. 

A.     R.     Dochez     and     L.     J.     Gillespie,  working     in     Xew     York, 

differentiated  Pneumococci   into  four  groups,  as  follows:  — 

Type       I.  representing  about  45%  of  all  Lobar  Pneumonia  Cases. 

Type     II.            „                „       20%   „    „  „ 
Type  III.             ,,                 ,,        14%    ,,    ,, 

(Pneumococcus  mucosus) 

Type    IV.             „                ,,       22%   ,,    „  ,, 

Of  group  lA'.  they  state,  "Group  4  .  .  .  consists  of  a  hetero- 
geneous collection  of  isolated  individuals.  .  .  .  The  study  of  cross 
protection  and  agglutination  among  memljers  of  the  lieterogeneous 
Group  4  indicates  that  this  group  comprises  a  ntimber  of  distinct 
varieties  of  j^neumococcus  which  cannot  be  related  to  one  another  by 
immunologic  reactions.  Culturally  they  are  true  pneumococci  and 
nuinife.st  all  the  common  characteristics  of  pneumococcus." 

0.  T.  Avery^  has  investigated  certain  strains  of  Pneumococci  which 
are  agglutinated  by  Dochez  and  Gillespie's  Type  II.  antisertim  (corre- 
sponding to  the  author's  Group  "  B  "),  and  he  finds  that  they  are 
agglutinated  "but  incompletely  and  less  promjDtly,  often  being  delayed 
several  hours."  By  means  of  absorption  and  protection  tests  he  has 
shown  that  these  atypical  culttires  possess  group  relationships  among 
them.selves  and  a  common  antigenic  relation  to  the  original  and  typical 
Type  II.  Pneumococcus.  His  work  deals  witli  10  strains  which  he  lias 
placed  in  three  sub-groups,  viz.,  sub-group  II. .\.  4  strains;  II. b,  3 
sti-ains;    II. x,    3   strains.      Antiserum  of   Type   II.    protects  against   sub- 
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groups  II. A  and  II. b,  but  not  against  II. x  wliicli  consists  of  a  number 
of  heterogeneous  strains.  From  tlie  practical  point  of  view  of  prophylactic 
inoculation  against  Lobar  Pneumonia  this  new  and  further  subdivision 
of  Group  II.  (my  group  "  B  ")  is  not  of  great  importance;  member's  of 
these  atypical  sub-groups  are  apparently  rare,  and  protection  is  afforded 
against  70%  of  them  by  the  inoculation  of  a  t3-pical  member  of 
Grouj)  II.  (my  "  B ").  I  note,  further,  that  only  four  of  these  ten 
cultures  appear  to  have  been  derived  from  cases  of  Lobar  Pneumonia, 
and  that  none  of  these  four  belonged  to  sub-group  II.x  (the  group 
against  which  Tj-pe  II.  antiserum  affords  no  i^i'otection).  It  is  true 
that  this  latter  fact  may  be  a  mere  coincidence,  since  the  numbers  are 
small  j  in  view,  however,  of  the  additional  information  that  one  of  the 
characteristics  of  this  group  is  its  "lower  virulence"  one  may  be  at 
least  allowed  to  speculate  as  to  whether  it  is  capable  of  giving  rise  to 
Lobar  Pneumonia  in  man. 

My  classification  is  identical  with  the  above  in  so  far  as  groups 
I.,  II.,  and  III.  are  concerned;  these  groups  correspond  respectively 
with  the  groups  which  I  originally  designated  "C,"  "B,"  and  "  E," 
a  fact  which  has  received  confirmation  b}-  A.  R.  Dochez  at  the  Rockefeller 
Institute,  to  whom  I  have  sent  the  desiccated  spleens  of  mice  infected 
with  members  of  my  various  groups.  Samples  of  immune  serum, 
homologous  with  the  Rockefeller  Institute  groups  I.,  II.,  and  III.,  were 
(through  the  courtesy  of  Messrs.  Dochez  and  Gillespie)  forwarded  to  the 
South  African  Institute,  and  investigation  again  showed  that  Nos.  I. 
and  II.  corresponded  resi)ectively  with  my  groups  "C"  and  "B."  With 
respect  to  serum  No.  III.  I  have  not,  as  yet,  been  able  to  correlate  it 
with  my  group  "  E,"  as  no  culture  Monging  to  this  group  has  been 
available  for  the  purpose;  the  identification  of  the  strain  has,  however, 
been  achieved  at  the  Rockefeller  Institute,  as  already  stated. 

Dochez  and  Gillespie  inchide  in  their  Group  IV.  every  culture  of 
Pneiimococcus  which  has  not  the  immunilogical  characteristics  necessary 
to  identify  it  with  their  groups  I.,  II.,  or  III.;  they  state,  moreover, 
that  they  are  unable  to  find  any  sub-groups  amongst  the  individuals 
comprising  this   Group   IV. 

It  is  at  this  point  that  my  classification  departs  very  widely  from 
that  of  the  workers  at  the  Rockefeller  Institute.  In  the  Transvaal,  at 
any  rate,  there  are  a  number  of  additional  groups,  and  one  of  them 
(Gi'oup  "A")  is  of  great  importance;  members  of  this  group  are  more 
prevalent  than  those  of  atiy  of  the  groups  "  C,"  "  B,"  or  "£","  and 
cause  a  high  case-mortality.  The  prevalence  of  this  grouji  has  remained 
consistently  high   during   1913,    1914,    and   1915. 

My  other  groups,  viz.,  "D,"  "F,"  "G,"  "X,"  and 
"  Unclassifiable, "  are  of  less  importance:  tliey  appear  to  vary  in 
prevalence  in  different  years,  give  rise  to  a  relatively  low  case  mortality, 
and,  as  shown  in  Table  I.,  some  of  them  have  been  without  a  repi'csenta- 
tive  in  fifty  consecutive  pneumonic  cultures.   Further  interesting  features 
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which  were  disclosed  whiLsl  this  Table  was  in  preparation  are — (1)  The 
ilecliuc  ill  prevalence  of  Group  "  B,"  and  the  increase  in  Group  "  C," 
during-  l!)ir),  and  (2)  Tlie  di.scovery  in  1915  of  Groups  "F,"  "G,"  and 
"  X"  whicli  iiad  not  I>een  hitherto  met  with. 

My  group  "X"'  is  composed  of  cultures  of  Pneuinococcus  which, 
although  they  arc  severally  agglutinated  by  the  patient's  serum,  are 
not  agglutinated  by  the  serum  of  any  other  ease  of  Pneumonia.  Xri 
cross  reactions  have  ]>eeii  obtained  amongst  the  members  of  this  group, 
and  in  this  respect  it  corresponds  to  Dochez  and  Gillespie's  Groui?  ^^• 
As  will  be  seen  in  Table  1.  only  six  such  cultures  were  obtained  out  of 
a  total  of  96.  The  peculiar  character  of  this  group  is,  I  think,  not 
that  each  member  is  an  unique  specimen,  but  that  on  account  of  their 
rarity  duplicates  have  not  yet  been  met  with. 

The  individuals  which  compose  the  group  which  1  liavc  designated 
"  Unclassifiable  "  apjjear  to  give  rise  to  Pneumonia  of  a  clinieally  severe 
type,  though  of  the  four  cases  met  with  all  have  ended  in  recovery.  The 
serum  of  the  patient  in  these  cases  give.s  no  agglutination  with  the 
homologous  organism,  neither  is  the  organi.sm  agglutinated  by  any  of 
tlie  immune  sera  corresponding  with  my  other  groups. 

Cultures  belonging  respectively  to  my  "A"  and  "D  "  groups  were 
investigated  at  the  Rockefeller  Institute,  and  Messrs.  Dochez  and 
Gillespie  have  informed  me  that  they  placed  them  in  their  Group  IV. 
Xow,  Group  "A"  is  the  one  most  frequently  found  on  the  Rand,  and 
in  view  of  the  fact  that  it  lias  not  hitherto  been  met  with  in  America 
and  Germany  it  must  Ix;  provisionally  considered  to  be  peculiar  to 
South  Africa. 

Although  Group  "A"  is  numerically  important  in  South  Africa 
the  existence  of  other  "local"  groups,  designated  by  me  "  D,"  "F," 
and  "G,"  must  be  borne  in  mind.  We  are  here  faced  with  the  anomaly 
that  the  classification  devised  by  Dochez  and  Gillespie,  although 
applicable  to  America,  does  not  provide  for  the  numerically  most 
imjiortant  of  our  local  groups,  as  well  as  for  several  other  distinct 
groups  found  in  South  Africa.  "What  classification  will  ultimately  be 
adopted  it  is  idle  to  speculate,  but  it  would  appear  necessary  that  it 
should  embrace  and  distinguish  all  known  groups  of  Pneumococci  in 
whatever  part   of  the  world  they  may  happen  to  occur. 

A.  R.  Dochez  and  0.  T.  Avery"  advance  the  following  hypothesis 
to  account  for  the  presence  in  South  Africa  of  strains  unknown  in 
America: — "The  most  likeh'  explanation  of  this  phenomenon  seems  to 
be  that  in  South  Africa  among  the  whites,  as  in  this  country,  there  are 
a  number  of  instances  of  Pneumonia  due  to  organisms  resembling  "the 
sputum  Pneuinococcus,  the  sliglitly  virulent  Group  IV.  of  our 
classification.  When  such  a  Pneuinococcus  is  communicated  to  the 
susceptil>le  black  its  pathogenic  history,  in  spite  of  its  relatively  low 
virulence,  does  not  stop  with  the  production  of  a  single  instance  of 
Pneumonia,   as  it  seems  to  among  individuals  whose  racial  immunity   is 
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relatively  liigii,  but  the  organisiin  is  leadily  passed  on  to  other  susceptible 
blacks,  and  thus  establishes  itself  in  the  less  immune  race  as  a 
IDermanenth'   pathogenic  type."  They  also  state — "It  is  possible  that 

in  South  Africa  the  new  races  arising  among  the  natives  may,  after 
a  number  of  generations,  gain  sufficient  virulence  to  become  highly 
infectious  for  the  relatively  immune  white."  It  is  of  interest  to  refer, 
in  connection  with  the  latter  suggestion,  to  an  instance  which  I  recently 
investigated'^  of  the  occurence  of  Lobar  Pneumonia  in  wafe  'and  husband 
(Europeans),  and  in  Avhich  the  disease  manifested  itself  in  the  husband 
Avithin  eleven  days  of  the  onset  of  his  wife's  illness.  Both  patients  had 
been  admitted  to  the  Johannesburg  General  Hosijital,  and  at  the  time  of 
coming  under  my  observation  both  had  jjassed  their  crises;  in  each  case, 
however,  the  serum  agglutinated  a  culture  of  my  Grouj^  "G" 
Pneumococcus,  and  did  not  agglutinate  any  other  group.  A  culture 
isolated  from  the  husband's  sputum  (by  mouse-inoculation)  proved  also 
to  belong  to  Group  "  G  "  and  was  fully  agglutinated  by  my  antiserum 
homologous  with  this  group  as  well  as  by  the  serum  of  both  the  wife 
and  husband :  it  was  not  agglutinated  by  any  antisera  homologous  to 
my  other  groups.  I  was  unable  to  secure  a  sample  of  sputum  from  the 
wife.  Group  "G"  is  uncommon  amongst  Natives,  and  still  rarer 
amongst  Europeans.  Nine  consecutive  pneumonic  cultures  recently 
obtained  from  Europeans  belonged  without  exception  to  Group  "  C." 
It  therefore  seems  possible  that  this  is  an  example  of  the  rise  of  a  new 
race  of  Pneumococcus  capable  of  giving  rise  to  Lobar  Pneumonia  in 
Whites;  it  is  also  highly  suggestive  of  being  an  instance  of  case-to-case 
infection. 

The  strains  of  Pneumococci  wliich  I  have  isolated  from  cases  of 
Lobar  Pneumonia,  by  lung-puncture  or  blood-culture,  during  the  years 
1913-15  may  be  tabulated  as  follows:  — 

TABLE  I. 

Shoiving  the  different  groups  of  jineumonia-'produciug  Pneumococci,  and 
the  numher  of  individuals  which  fell  into  each  group),  during  three 
periods  of  investigation  on  the  Hand  {1913,  lOlJf,  and  1915). 


Groups. 

191?. 

1914. 

1915. 

Totals. 

A 

9 

12 

16 

37 

B 

5 

5 

1 

11 

C 

1 

3 

15 

19 

D 

3 

3 

0 

6 

E 

0 

2 

0 

2 

F 

0 

0 

7 

7 

G 

0 

0 

4 

4 

X 

0 

0 

6 

6 

Unclassifiable     ... 

o 

1 

1 

4 

No.  of  Specimens 

20 

26 

50 

96 
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Bearing  in  mind  the  fact  that  this  Table  deals  with  rather  small 
numbers  it  is  nevertheless  to  be  observed  that  two  groups  account  for 
over  60%  of  the  cultures  investigated  in  each  year,  and  that  Group  "  C  '"'" 
became  second  in  numerical  importance  in  1915 — a  position  whicli  had 
been  occuj^ied  by  "B"  in  1913  and  1914;  only  one  specimen  of  the 
latter  group  was  discovered  in  50  consecutive  pneumonic  cultures 
investigated  during  1915. 

In  order  that  the  bearing  of  the  experiments  which  are  subsequently 
described  may  Ije  rightly  appreciated  it  is  necessary,  at  the  outset,  to 
emphasise  as  strongly  as  jDossible  certain  fundamenatl  facts,  viz.,  (1) 
That  the  immunity  established  in  animals  (including  man)  when  they 
are  suitably  inoculated  with  a  vaccine  prepared  from  a  culture  of  any 
given  group  of  Pneumococci  is  sjiecific  against  members  of  that  group 
and  that  group  alone.  (2)  That  serum  obtained  either  from  pneumonic 
patients  (subsequent  to  the  crisis)  or  from  suitably  inoculated  animals 
(including  man)  will  agglutinate  organisms  belonging  to  its  homologous 
group,  but  that  it  fails  to  agglutinate,  in  the  slightest  degree,  any 
members  of  other  groups  of  Pneumococci. 

The  specific  limitation  of  the  agglutination  phenomenon  just  referred 
to  maintains  also  where  phagocytosis  is  concerned ;  in  the  latter  case, 
however,  a  word  of  caution  is  necessary.  Cultures  of  Pneumococci  used 
for  investigating  phagocytosis  should,  where  immune  sera  are  under 
consideration,  be  selected  on  account  of  their  resistance  to  phagocytosis 
in  the  presence  of  normal  serum.  Although  the  differences  which  I  shall 
record  were  quite  apparent  and  very  markedly  in  favour  of  the  immune 
serum  yet  it  is  to  be  remembered  that  if  a  Pneumococcus  that  has 
undergone  many  subcultures  on  artificial  media  be  used  it  will  usually 
be  found  to  give  a  high  degree  of  phagocytosis  in  the  presence  of  normal 
serum.  It  is  true  that  the  substitution  of  immune  serum  will  bring 
about  a  still  higher  degree  of-  phagocytosis — even  to  the  filling  of 
leucoc}-tes  to  a  point  when  it  would  appear  impossible  to  crowd  in  a 
single  additional  Pneumococcus — yet  the  demonstration  of  the  dominance 
of  the  immune  serum  over  the  cocci  is  less  striking  when  cultures  which 
are  easily  phagocyted  in  the  presence  of  normal  serum  are  employed. 

It  seems  to  me  desirable  to  reiterate  the  absolute  specificity  of  the 
inmiunilogical  characteristics  possessed  by  the  various  groups  of 
Pneumococci,  for  the  necessity  of  recognising  this  fact  is  not  sufficiently 
widely  realised,  at  all  events  in  England.  I  note  that  an  authority  on 
the  use  of  pneumococcal  vaccine  in  the  treatment  of  Pneumonia  asserts,® 
in  a  paper  which  appeared  some  eighteen  montlis  after  the  jDublication 
of  the  discoveries  to  which  I  now  refer — "  .  .  .  differences  in  strain 
chiefly  concern  the  virulence,  and  if  a  stock  vaccine  be  made  from  a 
highly  virulent  strain  this  shoidd  Ije  efficacious  against  infections  caused 
by  pneumococci  of  less  virulence  .  .  .  for  some  time  I  have  used 
one  derived  from  a  rapidly  fatal  case  of  pneumococcic  Meningitis.''  I 
liave  seen  no  statement  which  even  calls  into  question  this  assertion,  far 
less  any  which  definitely  contradicts  it.    Until  jineunKX-occal  vaccines  are 
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prcpaiLM]  ill  a  ratioiiariuaiincr,  aiul  in  llic  liglit  of  oui-  present  knowledge, 
no  progre.s.s  can  be  expected  either  in  the  prophyhixi.s  or  in  the  treatment 
of  Lobar  Pneumonia  by  these  means. 

1  liCcstKjdfion    of  I'nrdlcnt    (Jruup^i    (if    I'ncuniococc/    on    f/ic    h'diid. 

As  u  preliminary  to  the  study  of  prophylactic  inoculation  against 
Lobar  Pneumonia  it  was  necessary  to  ^lecuie  a  number  of  cultures  of  tlic 
organism  from  cases  of  Lobar  Pneumonia  at  widely  separated  places  on 
the  Rand;  by  such  means  one  could  ascertain  which  A\^re  the  more 
prevalent  groups,  and  against  how  many  of  them  it  would  be  requisite 
to  establish  an  immunity.  Every  group  encountered  should,  theoretically, 
have  been  included  in  the  experimental  vaccine,  but  for  practical 
reasons  I  deliberately  excluded  certain  groups  which  collectively  formed 
about  17%  of  the  total  investigated.  Groups  "A,"  "C,"  "D,"  "F," 
and  "  G  "  were  employed  throughout  the  experimental  work;  Group  "  B  " 
was  omitted  because  it  happened  to  l>e  relatively  scarce  when  this 
{particular  investigation  was  initiated  (1915).* 

Table  I.  sets  forth  those  groups,  designates  eacli  by  its  group-letter, 
and  records  the  numerical  prevalence  of  each.  The  Table  also  records 
some  observations  as  to  the  relative  prevalence  of  different  strains  in 
1913  and  1914.  Every  culture  i-ecorded  in  the  Table  was  obtained  by 
means  of  lung-puncture  or  blood-culture. 

Very  many  experiments  have  been  carried  out  with  post-critical 
serum  and  the  homologous  organism  and  have  amply  confirmed  the 
frequency  and  high  degree  of  agglutination  and  phagocytosis  previously 
described  as  occurring  under  these  conditions.'^ 

That  the  Pneumococcus  is  the  causal  organism  in  practically  every 
case  of  Lobar  Pneumonia  amongst  Natives  on  the  Rand  is  borne  out  by 
the  fact  that  in  every  case  in  which  I  have  obtained  a  culture  it  has 
proved,  witliout  exception,  to  be  the  Pneumococcus — I  include  in  this 
category  two  cultures  of  Pneumococcus  mucosus;  this  .statement  refers 
to  considerably  more  than  100  pneumonic  cultures.  It  is  true  that  I 
have  lung-jDunctured  about  100  other  cases  of  suspected  Lobar  Pneumonia 
without  obtaining  a  culture  of  any  organism;  as,  however,  the  lung- 
puncture  was  on  no  occasion  repeated  on  the  same  patient  it  is  probable 
that  I  failed  to  obtain  Pneumococci  from  many  cases  in  which,  in  point 
of  fact,  t\\ev  were  present  in  the  lung;  it  happens  fairly  frequently, 
moreover,  that  the  puncture  is  a  "dry"  one.  As  against  this  failure 
to  secure  Pneumococci  by  these  means  in  about  50%  of  my  cases  I  have, 
on  several  occasions,  obtained  the  Pneumococci  by  blood-culture  when 
the  lung-puncture,  performed  at  the  same  time,  gave  a  negative  result. 
Notwithstanding  this  fact,  however,  I  obtained  far  more  cultures  by 
lung-punctui-e  than  by  blood-culture. 

"■  P^xporiincnts  more  recently  carried  out  by  me  show  that  the  spi'c'if'ic 
antibody-production  elicited  by'  a  Group  "B"  vaccine  is  as  satisfactory 
as  that  which  occurs  after  ibhe  inoculation  of  a  vaccine  composed  of 
members  of  the  Groups   "A,"    "  C,"    "  D,"    "  F,"   and   "  G." 
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The  Antihodits  Selected  for  the  Purpose  of  Gauging  the  IiiDnuniti/- 
respoiise  in  Inoculated  Animals   (including  Man). 

In  previous  investigations^  I  had  satisfied  myself  that  pneumococcal 
agglutinins  and  opsonins  were  present  in  the  iDost-critical  sera  of  at 
least  90%  of  patients  recovering  from  Lobar  Pneumonia.  I  found  that 
these  bodies  could  usually  be  first  demonstrated  at  the  time  of  the  crisis, 
and  occasionally  twelve  to  twenty-four  hours  before  the  temperature  had 
fallen  to  normal;  I  also  found  that  they  failed  to  appear  in  those  cases 
in  which  no  crisis  occurred  and  which  ended  fatally.  It  is  not  an 
unwarranted  assunijition,  therefore,  that  these  two  antibodies  play  an 
essential  part  in  the  biochemical  changes  which  bring  about  the 
destruction  of  Pneumococci  in  Lobar  Pneumonia,  and  which  Lead,  in 
successful  cases,  to  the  complete  recovery-  of  the  patient. 

Agglutinins  have  been  considered  b}'  the  majority  of  workers  as 
playing  no  important  part,  either  directly  or  indirectly,  in  the 
destruction  of  bacteria;  that  their  presence,  associated  as  it  usually  is 
with  that  of  other  antibodies,  frequently  indicates  a  state  of  immunity 
is,  however,  generally  conceded.  There  have  been  others  who,  on  the 
other  hand,  have  maintained  that  agglutinins  pla}-  an  active  part 
against  micro-organii-jms.  Quite  recently  BulP  has  shown  by  experiments 
(in  which  he  treated  pneumococcal  septicaemia  with  homologous  antisera) 
that  agglutinins  are  of  prime  importance  in  the  combating  of 
pneumococcal  infection  in  the  rabbit.  His  conclusion  is,  that 
"Agglutination  is  not  merely  an  incidental  phenomenon  but  constitutes 
an  essential  process  in  association  with  phagocytosis  in  the  protection 
of  the  rabbit  against  pneumococcus  infection."  He  further  states — "So 
far  as  the  blood  phenomena  are  concerned — the  abrupt  disappearance 
of  the  cocci  from  the  circulating  blood,  agglutination  and  phagocytosis — - 
active   and   passive   immunity  are  similar." 

Phagocytosis  is  far  moi-e  generally  recognised  as  a  powerful  factor 
in  innnunity  against  the  Pneumococcus,  and  it  can  be  almost  constantly 
demonstrated  with  the  post-critical  blood  serum  from  cases  of  Lobar 
Pneumonia  provided  that  the  homologous  organism  be  used  in  tlie  test. 

Clough^"  regards  the  phagocytosis  which  is  brought  about  by  immune 
serum  as  the  direct  cause  of  the  protective  power  of  the  latter.  Bull,  as 
already  quoted,  assigns  a  prominent  position  to  phagocytosis.  R.  Cole^"^ 
reaches  the  conclusion  that  leucocytes  are  a  factor  in  preventing  the 
local  spread  of  the  disease,  and  probably  also  in  combating  the  general 
infection.  Hektoen^-  holds  that  "The  cure  of  Pneumonia  results  from 
the  destruction  of  the  Pneumococcus  in  the  lungs  and  in  the  blood. 
This  is  accomplished  by  lihagocytosis  and  also  by  extracellular  digestive 
processes.  The  2Ji"edominating  general  defensive  reactions  in  Pneumonia 
are  leucocytosis  and  the  production  of  antibodies  for  Pneumococci,  of 
which  the  oiDsonins  are  l>est  known;  and  these  appear  to  be  specific  for 
the  group  to  which  the  infecting  Pneumococcus  belongs."  Clough,^'' 
still     more     recentlv,     discusses     the     method     of     destruction     of     the 
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Pneuinococcus  in  Lobar  Pneumonia  and  says — "  Tlie  evidence  too  is 
.strongly  in  favour  of  the  view  tiiat  this  destruction  is  the  result  of 
phagocytosis  and  intracellular  digestion  of  the  organisms." 

There  is,  then,  a  sufficieiK  consensus  of  opinion,  based  upon  experi- 
mental investigation,  to  justify  my  selection  of  tliese  two  antibodies  as 
the  criteria  by  whicli  the  progress  of  attempts  at  immunisation  may  be 
guided  and  perhaps  evaluated.  Similar  princii^les  were  used  in  the 
well-known  initial  investigations  in  j^ropliylactic  anti-typhoid  inocula- 
tion :  in  tliat  case,  however,  other  antiljodies  (notaljly  bactericidins)  were 
scrutinised  in  addition  to  the  two  now  under  consideration.  It  is  worthy 
of  remark,  in  passing,  that  bactericidins  do  not  appear  to  be  produced 
during  the  establishing  of  immuity  against  the  Pneumococcus. 

When  speaking  of  phagocytosis  I  use  the  term  in  its  widest  .sense, 
and  although  my  observations  have  been  directed  solely  to  the 
])olymoi'phonuclear  leucoc}-tes  I  do  not  conceive  that  the  iDhenomenon  of 
phagocytosis  is  necessarily  limited  to  the  leucocytes  alone.  Nor  am  I 
concerned  with  the  question  whether  the  antibodies  Avhich  jircpare  tlie 
Pneumococcus  for  phagocytosis  are  "trojiins,"  in  tlie  sense  that 
Xeufeld  conveys,  or  "opsonins,"  in  that  of  Sir  Almroth  Wright. 
Further,  whatever  importance  is  to  be  placed  upon  the  presence  of 
agglutinins  and  opsonins  in  the  sera  of  inoculated  animals  (including 
Juan)  I  strongly  susjDcct  that  there  are  other  factors  concerned  in 
immunity   against  the  Pneumococcus. 

Metliods  iixc(]  to  E^itimaie  tin:  Amount  of  Aiitibodii-production  in   tin 
Scrum   of   Inoculated   Animah    [includ/nr/    Man). 

The  technique  I  have  cmi^loyed  to  a.scertain  the  agglutinating  and 
opsonizing  j^ower  of  the  sera  of  my  inoculated  animals  (including  man) 
has  been  essentially  that  originated  by  Sir  Almroth  Wright^*  in  connec- 
tion with  his  Avork  on  the  opsonic  index.  I  find  this  method  capable  of 
being  used  for  the  simultaneous  estimation  both  of  the  phagocytosis  and 
the   agglutination   brought    about    in    phagocytic    mixtures.  I    have, 

however,  introduced  one  variation,  viz.,  the  use,  at  times,  of  more 
than  one  volume  of  tlie  serum  to  be  tested.  It  is  usual  in  making 
pliagocytic  mixtures,  according  to  Sir  Almroth  Wright's  technique,  to 
take  up  in  the  capillary  glass  tube  one  volume  each  of  washed  blood 
corpuscles,  serum,  and  emulsion  of  micro-organisms;  I  found,  however, 
when  my  work  had  been  in  progress  a  short  while,  that  when  a  serum 
obtained  from  an  individual  during  tlie  course  of  immunisation  failed 
to  agglutinate  the  bacteria  witli  the  usual  allowance  of  equal  volumes  of 
the  constituents,  that  it  nevei-tlieless  Avould  often  bring  about  complete 
agglutination  when  two,  or  sometimes  three,  volumes  of  serum  were 
employed  instead  of  one.  This  result  depended  upon  the  fact  that  the 
agglutinating  titre  of  the  serum  under  investigation  was  slightly  below 
that  necessary  to  l:>e  effective  wlien  onlv  one  volume  was  used.  The  degree 
of  pha<?nrvtnsis  was   affected  in   a  similar  manner. 
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It  is,  of  course,  well  known  that  the  degree  of  agglutination  and 
of  phagocytosis  which  occurs  in  the  presence  of  any  sample  of  serum 
in  vitro  may  be  influenced  not  only  by  the  titre  of  the  serum  but  also 
by  the  numerical  richness  of  the  emulsion  of  bacteria  employed  in  the 
test.  It  may  therefore  be  very  naturally  objected  that  the  positive 
result  which  may  be  obtained  when  a  greater  proportion  of  serum  is 
used  may  be  entirely  due  to  the  fact  that  the  degree  of  concentration  of 
organisms  in  the  phagocytic  mixture  has  been  reduced.  That  this  is 
not  the  determining  factor  in  this  instance  can  be  readily  shown  by 
ensuring  that  the  concentration  of  the  bacteria  in  the  "unconventional" 
phagocytic  mixtures  is  approximately  equal  to  that  in  the  usual  mixture. 

Normal  human  serum,  Avhen  used  as  a  control,  will  not  agglutinate 
Pneumococci  even  when  its  proportion  is  2,  3,  4,  or  even  5  times  that  of 
each  of  the  other  constituents.  Eecently  isolated  strains  of  Pneumococci 
which  belong  to  any  of  the  groujis  enumerated  in  Table  I.  are  not,  in 
fact,  agglutinated  by  normal  rabbit  or  human  serum  under  the  most 
favourable  circumstances ;  the  number  of  volumes  of  serum  may  be 
increased  and  the  incubation  period  may  be  extended  even  to  two  hours, 
as  against  the  usual  fifteen  minutes,  without  apparent  effect. 

It  is  worthy  of  remark  that  tlie  degree  of  phagoc^'tosis  brought 
about  by  normal  serum,  under  the  most  favourable  circumstances  of 
concentration,  and  provided  that  the  culture  used  is  of  sufficiently  recent 
isolation,  is  negligible  as  compared  with  the  result  obtained  with  the 
post-critical  serum  of  a  pneumonic  patient,  or  the  serum  of  a  normal 
man  or  rabbit  suitably  immunised.  With  normal  serum  the  phagocytic 
count  of  50  leucocytes  will  rarely  reach  20,  whereas  with  the  varieties 
of  serum  just  referred  to  it  will  usually  amount  to  more  than  500,  and 
will  often  exceed  3,000. 

It  is  very  necessary  to  insi.st  upon  the  fact  that  normal  serum,  even 
when  undiluted,  will  not  agglutinate  Pneumococci  belonging  to  any  of 
mv  groups.  The  method  I  used  for  classifying  Pneumococci  in  1913  was 
applied,  in  1915,  to  the  identification  of  Meningococci  by  Warren 
Ci'owe,^^  and  in  this  latter  instance  some  critici.sm  has  Ijeen  directed 
against  it.  I  am  not  in  a  position  to  discuss,  from  personal  experience, 
tlie  merits  of  this  method  wlien  Meningococci  are  concerned,  Imt  on 
a  priori  grounds  I  think  tliat  a  reliable  technique  is  j^ossible.  '^Mien 
applied  to  the  Pneumococcus  tlie  method,  as  serological  tests  go,  is 
unusually  reliable,  for  I  know  of  no  such  test  which  gives  accurate  results 
in  100%  of  cases.  In  the  present  instance,  however,  I  l>elieve  that  the 
.'•erological  test  will  correctly  identify  members  of  any  group  enumerated 
in  Table  I.  (down  to  Group  "X")  with  an  accuracy  whicli  is  approxi- 
mately one  of  100%. 

Estimations  of  the  agglutinin  content  of  serum,  in  the  study  of 
prophylactic  immunity  against  the  Pneumococcus,  do  not  lend  them.selves 
to  graphic  methods  of  cxpi'ession,  e.r/.  by  means  of  charted  curves:  the 
ajjrrlutination    titi-e  is   usually   too  low,    unless  one  works  witli    a   ■'^orum 
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■which  has  beien  obtained  by  inoculating  an  animal  with  dead  and  living 
cultures  over  a  lengthy  jDeriod.  Adequate  information  of  the  rise  of 
agglutinating  power  can  nevertheless  be  gained  by  employing  respectively 
3,  2,  or  1  volumes  of  serum  in  a  phagocytic  mixture,  spreading  a  drop 
of  the  mixture  on  slides,  staining  and  examining  them  microscopically 
(as  is  done  in  estimating  the  opsonic  index),  and  stating  the  degree  of 
agglutination  thus  disclosed  in  terms  of  a  conventional  standard  to  be 
decided  upon  by  the  observer.  A  further  advantage  attending  the  use 
of  this  simple  method  lies  in  the  fact  that  the  opsonic  quality  of  tlic 
serum  may  be  simultaneously  estimated  from  the  same  slides. 

The  difficulty  of  recording  the  result  of  opsonic  estimations  by 
means  of  charted  curves  is  even  greater  than  in  the  case  of  agglutination 
estimations.  Normal  serum  will  often  give  results  that  would  liave  to  be 
registered  on  the  base  line,  whereas  the  opsonic  capacity  of  the  immune 
serum  would  appear  as  a  line  rising  steeply  to  a  point  at  the  top  of  the 
chart:  in  such  circumstances  the  steep  curve  would  not  truly  represent 
the  rise  of  t\\e  opsonic  index,  for  no  opsonic  index  can  1)e  computed  wlien 
the  normal  serum  affords  no  i^hagocytosis;  on  other  occasions  the  normal 
serum  might  give  a  phagocytic  count  of,  say,  10,  whilst  that  of  the 
immune  serum  would  be,  perliaps,  1,500,  and  it  would  not  seem  vei-y 
informative  to  speak  of  an  opsonic  index  of  150  ! 

It  may  be  objected  that  2)liagocytosis  cannot  be  accurately  estimated 
in  a  jDhagocytic  mixture  in  whicli  agglutination  is  also  evident.  The 
objection  is  not,  however,  well  founded,  as  may  be  demonstrated  when 
one  makes  use  of  an  antiserum  which,  although  it  agglutinates  powerfully 
lias  nevertheless,  through  lapse  of  time,  lost  its  capacity  of  giving  i-ise 
to  pliagocytosis ;  in  such  a  case,  although  the  cocci  are  fully  agglutinated 
and  drawn  with  the  leucoc^-tes  to  one  end  of  the  slide,  none  of  tlie 
appearances  of  phagocytosi.s  Avill  be  observed;  the  leucocytes  are 
apparently  pushed  aside  by  the  masses  of  agglutinated  cocci  and  neither 
overlie  nor  underlie  them. 

It  is  appropriate  for  me  to  here  draw  attention  to  a  statement  made 
bv  Chickering^*^  with  reference  to  the  serum  of  pneumonic  patients; 
it  is  as  follows — "The  tests  were  made  with  serum  as  fresh  as  possible, 
for  it  has  been  found  that  agglutinins  in  human  blood  disappear  quickly 
after  it  is  stored.  .  .  .  With  highly  immune  horse  serum  this  is 
not  the  case."  My  experience  is  quite  at  variance  with  tliis,  for  I  have 
found  that  post-critical  pneumonic  serum  retains  its  agglutinating 
power  for  very  long  periods.  I  liave  specimens  of  such  serum  in  my 
possession  Avhicli  are  more  than  two  j-ears  old,  and  which  still  give 
complete  agglutination  with  organisms  of  their  homologous  group  (using 
the  technique  already  described).  I  consider  this  survival  of  agglutinins 
in  post-critical  human  serum,  stored  in  vitro,  to  be  the  rule  and  not 
the   exception. 

Ill  the  experiments  wliicli  I  liere  record  I  tested  the  sera  of  the 
various  inoculated  animals  (including  man)  separafehi,  and  purposely 
refrained    from    making    use    cither    of    pooled    sera,    or   of  pl)ag(>c3'tic 
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mixtures  which  had  been  pooled  before  or  after  incubation.  If  the 
system  of  pooling  sera  had  been  adopted  very  serious  fallacies  would 
have  arisen;  it  is  obvious  that  if  one  sample  of  agglutinating  serum  be 
pooled  with  five  samples  of  sera  which  do  not  agglutinate  the  positive 
result  which  may  be  obtained  would  be  wrongly  attributed  to  five  out 
of  the  six  contributors. 

When  recording  the  degree  of  agglutination  brought  about  by  a 
given  setum  I  have  stated,  at  the  top  of  each  Table,  the  number  of 
volumes  of  serum  employed  in  each  test,  and  have  noted  the  r&sult  by 
the  usual  signs  of  " — /'  "•trace,'"  "  +  ,"  •'++,"  and  •■+  +  +";  the 
last  sign  ('"+  +  +")  indicates  complete  agglutination. 

The  degree  of  phagocytosis  ob.served  is  recorded  side  by  side  with 
that  of  agglutination,  and  the  number  of  volumes  of  serum  which  is 
.stated  at  the  top  of  the  Table  applies  equally  to  both  tests.  The  contents 
of  25  leucocytes  were  enumerated  in  all  cases  in  which  this  could  be 
reasonably  carried  out.  ^^^len,  however,  the  count  was  so  great  that  tlie 
time  employed  appeared  to  be  iit  no  way  commensurate  with  tlie 
information  to  ])c  gleaned  the  results  are  not  recorded  numerically  bttt 
by  the  tise  of  the  following  terms  and  signs: — "Uncountable"  (?-e., 
approximately  400  cocci  in  25  leticoc^-ies ) ;  "Uncountable  +  "  {i.e., 
approximately  GOO)j  "Uncountable  ++  "  (J-^-,  approximately  1,000); 
"l.^noountal)lo   +  +  +  "  (i.e.,  estimate  at  more  than  1,500). 

I  have  found  that  wlien  the  serum  of  normal  rabbits  is  under 
investigation  the  degree  of  phagocytosis  is  usually  low,  even  with  strains 
of  Pneumocooci  which  have  been  subcultured  many  times  and  which 
give  an  uncountable  j^hagocytosis  with  normal  human  .<?erum.  The  great 
superiority  in  this  resj^ect  of  tlic  sera  of  immunised  rabbits  over  that  of 
normal  rabbits  is  very  apparent.  Where  human  serum  is  concerned, 
liowever,  unless  fresh  cultures  are  freqiienthj  isolated  and  these  alone  used 
for  the  tests,  the  normal  controls  will  phagocyte  most  strains  of 
Pneumocooci  so  readily  that  the  relative  superiority  of  the  sera  from 
immunised  individuals  is  less  evident.  Strain  3,472,  a  member  of 
Crrotip  "  C,"  has  proved  an  exception  to  this  rule,  however,  and  aftei-  ten 
months'  sulx-ulturing  on  blood-agar  has  still  rendered  obvious  the 
contrast  in  opsonizing  power  between  normal  and  immune  human  serum. 
Such  a  cajiacity  for  resisting  phagocytosis  is.  however,  not  fotmd  amongst 
all  strains  belonging  to  this  grotip. 

As  the  difficulty  which  arises  from  the  loss  by  the  Pneumococcus 
of  its  resistance  to  phagocytosis  on  repeated  suboidture  does  not  apjjly 
to  agglutination  I  regard  an  observation  of  the  latter  phenomenon  as 
the  most  practical  and  reliable  method  of  evaluating  the  results  of 
inoculation  witli  this  organism. 

It  will  l3e  seen  in  the  subsO(iuciit  records  that  I  have  rai-ely  fulfilled 
the  ideal  condition  stated  above,  viz.,  that  of  invariably  using  for  the 
tests  strains  of  Pneumococci  ■whicli  have  been  recently  i.solated  and  whicli 
are  consequently    resistant    to    phagocytosis    in    the   presence   of    norTiial 
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human  serum;  nevertheless,  from  the  results  of  many  hundreds  of  tests 
carried  out  at  different  times  when  this  essential  condition  was  complied 
with,  I  am  able  to  speak  with  confidence  as  to  the  validity  of  the 
recommendation. 


Inoculation  of  Sahhits  unth   Killed  Fneumococcal  Vaccine. 

Comparison  of  the  Intravenous  and  Subcutaneous  Metliods. 

Detaded  Consideration   of  Results  of  Intravenous  Inoculations  with 
Single-strain    and    Conijyosite    Vaccines. 

The  rabbit  was  selected  for  my  initial  work  on  account  of  the  ease 
with  which  it  can  be  intravenously  inoculated,  and  because  of  its 
suscejatibility  to  pneumococcal    infection. 

Previous  experience  liad  taught  me  tliat  pneumococcal  agglutinins 
and  opsonins  are  present  in  the  serum  of  ral^bits  Avhich  have  been 
inoculated  intravenously  on  several  occasions  Avith  emulsions  of  living 
Pneumococci.  Such  procedure,  however,  would  be  impracticable  Avhen 
prophylaxis  in  human  beings  was  the  object  to  be  attained,  for  it  must 
be  borne  in  mind  that,  for  practical  jiurposes,  the  vaccine  must  be  a 
killed  one  and  the  number  of  inoculations  must  be  limited — not  exceeding, 
if  possible,  three  in  number. 

With  these  practical  considerations  in  view  I  took  five  rabbits,  and 
after  a  preliminary  testing  of  their  sera  by  the  method  described  (using 
3,  2,  and  1  volumes)  I  inoculated  four  of  them  on  three  occasions  witli 
killed  Pneumococci;  two  received  100  millions — one  intravenously  and 
one  subcutancously,  and  two  400  millions — one  intravenously  and  one 
subcutaneouslj'.  The  fifth  animal  was  set  aside  as  an  uninoculated 
control.  The  intervals  between  the  first  and  second,  and  between  the 
second  and  third,  inoculations  were  five  days  and  seven  days  respectively. 

The  vaccine  used  in  this  experimeiit  was  made  by  washing  off  18-hour 
growtli  on  blood-agar  with  noi'mal  saline,  heating  to  56°C.  for  one 
hour,  and  then  adding  enough  carbolic  acid  to  represent  '5%  of  the 
finished  jDroduct.  Cultures  of  strains  -3472  and  3545,  both  members  of 
Grou23  "  C,"  constituted  the  vaccine.  The  enumeration  of  organisms 
in  this  and  all  otlier  vaccines  employed  throughout  this  study  was  carried 
out    by    Sii'    Almi'oth    Wright's  blood-corpuscle   method. 

I  deemed  it  advisable  to  commence  my  investigations  by  endeavouring 
to  immunhse  against  one  group  only;  in  the  event  of  this  being  successful 
I  i^rojiosed  to  attempt  a  simultaneous  immunisation  against  five  groups. 
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Inocuhition  of  Ilabbits  Xo.  1,  2,  3,  and  i  with  a  Vaccine  prepared  from 
Strains  ■3172  and  3515  (both  of  Group  '"C").  Dosage,  Method  of 
Administration,   and  Date. 


Rabbit. 

Weight 
in  grms. 

(Ist  Inoculation) 
Nov.  10th. 

(•2nd  Inoculation) 
Nov.  loth. 

(3rd  inoculation) 
Nov.  22cd. 

No.  1 

1920 

100  M.  intraven- 

100 M.  intraven- 

100 M.  intraven- 

ously 

ously 

ously 

No.  2 

1560 

100  M.  subcutan- 

100  M.  subcutan- 

100  M.  subcutan- 

No.  3 

1300 

eously 
400  M.  intraven- 

eously 
400  M.  intraven- 

eously 
400  M.  intraven- 

No. 4 

1530 

ou.sly 
400  M.  subcutan- 

ously 
400  M.  subcutan- 

ously 
400  M.  subcutan- 

eously 

eously 

eously 

The  sera  of  these  four  rabbits,  and  that  of  the  one  control  animal, 
were  tested,  as  already  stated,  before  the  experiment  began  (Table  III.) 
and  also  at  frequent  intervals  during  its  progress.  Representative 
results  are  recorded  below  (Tables  IV.,  V.,  and  VI.). 

For  the  sake  of  brevity  and  clearness  no  mention  is  made  in  these 
tables  of  the  one  volume  of  washed  blood-corpuscles  and  the  one  volume  of 
suspension  of  Pneumococci  which  were,  of  course,  constituents  of  each 
phagocytic  mixture.  The  corpuscles  were  derived  from  a  "normal" 
laboratory  worker  (a  European,  "  A.G.L."),  the  blood  being  collected 
in  a  1"5%  solution  of  sodium  citrate,  and  Ava.shed  twice  in  normal  saline. 
The  Pneumococci  were  always  suspended  in  '85%  saline  solution. 
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It  will  be  observed  that,  Avitli  the  sera  of  these  uninoculated  animals, 
strain  3545  shows  more  susceptibility  to  phagocytosis  than  strain  3472 ; 
the  amount  of  the  phagocytosis  with  the  former  culture  is,  however, 
insignificant  and  there  is  no  evidence  of  agglutination  with  either  culture. 

To  set  out  the  records  of  all  the  tests — which  were  carried  out 
almost  daily — would  be  too  tedious,  and  I  will  record  here  only  those 
results  which  were  noted  immediately  before  each  reinoculation,  together 
witli  those  obtained  on  the  seventh  dav  followina:  the  third  inoculation. 


TABLE  IV. 


(3  Vols.  Serum.) 


Sera  uf  Babbits  .Vo.  1,  2,  3,  and  If  teded  ayainst  Strains  3^72  and  3o!fd, 
jive  days  after  the  First  Inoculation  with  a  Vaccine  prepared  from 
Cultures  of  these  Strains. 


Xo.  of  Cocci  in 

Degree  of 

Strain. 

Serum. 

2-5  Leucocytes. 

Agglutination. 

34T2   ("C'O 

Xo. 

1* 

0 

j> 

Xo. 

2t 

0 

— 

>9 

Xo. 

3* 

0 

— 

>> 

Xo. 

4t 

0 

— 

55 

Xo. 

5  (Control) 

0 

— 

3545   ("C") 

No. 

1* 

0 

— 

» J 

Xo. 

2t 

1 

— 

9  ) 

Xo. 

3* 

124 

+  + 

J> 

Xo. 

4t 

0 

— 

5  ) 

Xo. 

5  (Control) 

0 

Tntravenouslv    inoculated. 


t  Subcutaneouslv    inwulatei 
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TABLE   Y. 
(1  Vol.  Serum.) 
Sera  of  Babbits  No.  1,  2,  3,  and  Jf  tested  against  Strains  3Jf72  and  Sopj, 
seven  days  after  the  Second  Inocidation  icith  a  Vaccine  prejjared  from 
('idfiirn<;  of  these  Strains. 


No.  of  Cocci  in 

Degree  of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

.3472    ("C") 

No. 

1* 

54 

+  +  + 

>  > 

No. 

2t 

0 

— 

J  J 

No. 

3^ 

41 

+  +  + 

'J 

No. 

4t 

0 

— 

'J 

No. 

5  (Control) 

0 

— 

•      .■5545   ("C") 

No. 

1* 

Uncountable. 

+  +  + 

» J 

No. 

2t 

0 

— 

5  5 

No. 

3* 

TTucountfible. 

+  +  + 

J  > 

No. 

4t 

17 

— 

" 

No. 

5  (Control) 

4 

— 

*  Intravenously    inoculated.         f   Subcutaneously    inoculated. 


TABLE  VI. 

(1  Vol.  Serum.)    • 

Sera  of  Rabbits  No.  1,  2,  3,  and  Jf.  tested  against  Strains  3Jf72  and  35J/.5, 
seven  days  after  the  Third  Inocidation  tvith  a  Vaccine  jjrepared  from 
Ci/ltures  of  these  Strains. 


No.   of  Cocci  in 

Degree  of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

3472    ("C") 

No. 

1* 

Fncountablo. 

+  +  + 

55 

No. 

21 

0 

— 

55 

No. 

3* 

I'nconntabl'e. 

+  +  + 

5  5 

No. 

4t 

0 

— 

55 

No. 

5  (Control) 

0 

— 

3:)45   ("C") 

No. 

1* 

Uncountable  +  + 

+  +  + 

55 

No. 

2t 

8 

— 

55 

No. 

3* 

Uncountable  +  + 

+  +  + 

55 

No. 

4t 

20 

— 

55 

No. 

5  (Control) 

10 

— 

*   Intravenously    inoculated.         f   Subcutaneoush-    inoculated. 
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It  is  evident  from  these  tabulated  results  that  rabbits  Xo.  1  and  3, 
^\■llieh  were  inoculated  intravenou-sly,  elaborated  in  their  blood  both 
agglutinins  and  opsonins  in  substantial  quantities,  whereas  rabbits  Xo. 
2  and  4,  whicli  received  subcutaneous  inoculations,  completelr  failed  in 
the  matter  of  agglutinins,  and,  as  regards  opsonins,  that  the  slight  rise 
above  the  control  in  the  case  of  Xo.  4,  "with  respect  to  strain  3545,  is 
quite   insignificant. 

The  rise  in  agglutinating  power  was  very  marked  after  the  second 
inoculation,  whilst  the  opsonins  did  not  appear  to  become  so  markedly 
increased  until  after  the  third.  In  subsequent  experiments  I  repeatedly 
succeeded  in  demonstrating  agglutinins  in  the  sera  of  rabbits  on  the 
fourth  day  following  the  first  inoculation,  and  I  have  i-eaohed  the 
conclusion  that  there  are  few,  if  any,  exceptions  to  this  rule — provided 
that  a  sufticiently  large  dose  of  vaccine  has  been  inoculated  intravenously. 

The  optimum  intravenoiis  dose  for  producing  immunity  in  the  rabbit, 
1? resuming  that  immunity  against  one  group  only  is  sought,  is,  I  think, 
one  of  800  millions,  repeated  on  three  occasions. 

The  formation  of  opsonins  in  the  sera  of  intravenously  inoculated 
rabbits  does  not  occur  either  so  early  or  with  quite  the  same  regularity 
as  does  that  of  agglutinins ;  a  substantial  increase  of  these  substances 
has,  however,  been  found  in  every  case  tested. 

It  is  to  be  noted  that  there  is  some  difference  in  the  degree  of  both 
agglutination  and  phagocytosis  when  the  same  serum  was  employed  with 
different  strains,  notwithstanding  that  the  latter '  belonged  to  the  same 
group.  Table  IV.  shows  that  the  serum  of  rabbit  No.  3,  after  only  one 
inoculation,  agglutinated  and  opsonised  strain  3545  but  not  3472  :  and 
in  Table  V.  we  find  that  the  serum  of  rabbits  X'o.  1  and  3  opsonised  strain 
3545  to  a  greater  extent  than  3472.  Xeither  of  these  strains,  at  the  time 
of  their  isolation,  were  phagocyted  in  the  presence  of  either  normal  rabbit 
or  normal  human  serum;  after  subcultivation  on  blood-agar,  however, 
Xo.  3545  rapidly  lost  its  power  of  resistance,  whilst  X^o.  3472  retained 
it  for  10  months  when  tested  against  normal  human  serum — which  is 
constantly  more  potent  than  normal  rabbit  serum  in  this  respect. 

The  greate.st  degree  of  agglutination  and  phagocytosis  which  is 
produced  by  the  serum  of  an  inoculated  rabbit  is  not  necessarily 
evidenced  against  the  homologous  vaccine  organism;  tliis  fact  is  clearly 
illustrated  in  Tables  Xo.  IX.,  X.,  and  XI. 

The  following  Tables  set  out  the  reactions  obtained  with  the  sera 
of  five  rabbits  before  and  after  they  had  been  inoculated  (intravenously) 
with  different  doses  of  a  pneumococcal  vaccine,  prepared  in  the  manner 
already  described,  from  strain  3472  alone.  They  were  tested  against 
this  strain  and  also  against  two  other  strains  (3545  and  737)  belonging 
to  the  same  group  ("C").  Rabbit  Xo.  5  was  again  used  as  a  control, 
and  it  will  be  observed  that  strain  Xo.  3545  had  now  become  definitely 
susceptible  to  phagocytosis  in  the  pi-esence  of  the  serum  of  this  normal 
rabbit  (rf.  Tables  Y.  and  YI.  with  YII.,  IX.,  X.,  and  XL). 
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TABLE  VII. 


(3  Vols.   Serum.) 

Sera  of  liahhits  No.  22,  23,  2Jf,  25,  and  20  tested  against  Strains  SoJfO, 
3Jf.7'2  and  737  (all  members  of  Group  "  6'")  yrevious  to  Intravenous 
Inoculation  with  a  Vaccine  'prepared  from.  Strain  34-72. 


No.  of  Cocci  in 

Degree   of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

3545  ("C") 

Rabbit  No.   22 

34 

55 

,,      No.   23 

36 

— 

55 

„      No.  24 

65 

— 

55 

„      No.   25 

54 

— 

5  ) 

,,      No.   26 

59 

— 

5  » 

,,      No.      5    (Control) 

36 

— 

3472  ("C") 

,,      No.   22 

0 

— 

5  ) 

.,.      No.   23 

0 

— 

55 

,,      No.   24 

0 

— 

>> 

,,      No.  25 

2 

— 

55 

,,      No.  26 

0 

— 

5  5 

,,       No.      5    (Control) 

0 

— 

737  ("C") 

,,      No.   22 

0 

— 

55 

„      No.   23 

0 

— 

■>> 

,,      No.   24 

2 

— 

55 

„      No.   25 

1 

— 

55 

,,      No.   26 

0 

— 

•' 

,,       No.      5   (Control) 

0 

The  observations  recorded  above  show  that  neither  of  the  three 
strains  were  agglutinated  by  the  serum  of  any  of  these  uninoculated 
rabbits.  Strain  3545  was,  however,  susceptible  of  phagocytosis  in  the 
presence  of  each  of  these  sera,  whilst  3472  and  737  were  insusceptible  in 
the  presence  of  any  of  them,  although  three  volumes  of  sera  were  used 
in  every  instance.  After  this  test  had  been  completed,  and  on  the  same 
day,  rabbits  No.  22,  23,  24,  25,  and  26  were  inoculated,  as  follows,  with 
a  vaccine  prepared  from  a  culture  of  strain  3472  alone.  Three  inocula- 
tions were  given  intravenously  to  each  rabbit;  the  interval  between  the 
first  and  second  was  four  days,  that  between  the  second  and  third  five 
days. 
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TABLE  VIII. 

Intravenous  Inoculation  of  Rabbits  No.  22,  23,  2^,  25,  and  26  ivith  a 
Vaccine  prepared  from  Strain  3/^72  (Group  "  C  " ),  Dosage,  and 
Dates. 


Rabbit  22 

,,       _,o 

24 

-in 
„       -,o 

26 


Weiirht. 


IGOOgrms. 
1480     „ 
1510     „ 
1450     ,, 
1230     „ 


Jan.  18th. 
First  Inoculation. 


50  millions 
100 

400         „ 
800 
2000 


Jan.  '2'2nd. 
2nd   Inoculation. 


Jan.  27tli. 
.3rd  Inoculation. 


50  millions 
100         „ 
400 
800 
2000 


50  millions 

100 

400 

800 

2000 


TABLE  IX. 

(3  Vols.   Serum.) 
Sera  of  Babbits  Vo.  22,  23,  21/.,  26,  and  26  tested  against  Strains  3o}fO, 
3If72,   and  737  (all  members  of  Group   "C"),  four  days  after  the 
First    Intravenous    Inoculation-    with    a    Vaccine    prepared    from    a 
Culture  of  Strain  3.p2. 


No.   of  Cocci  in 

Degree   of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

3545  C'C") 

Rabbit  No. 

22 

130 

+  + 

J) 

,.      No. 

23 

93 

+  +  + 

,,      No. 

24 

Uncountable 

+  + 

.,      No. 

25 

Uncountable 

+  +  + 

,,      No. 

26 

Uncountable 

+  +  + 

>  5 

,,      No. 

5    (Control) 

29 

— 

3472  ("C") 

,.      No. 

22 

0 

— 

,,      No. 

23 

0 

— 

„      No. 

24 

0 

— 

> » 

,,      No. 

25 

0 

+ 

.,      No. 

26 

0 

+ 

5  ) 

,,      No. 

5    (Control) 

0 

— 

737  ("C") 

,,      No. 

22 

0 

— 

,,      No. 

23 

0 

— 

,,      No. 

24 

0 

— 

,,      No. 

25 

2 

— 

,,      No. 

26 

0 

— ■ 

,.      No. 

5    (Control) 

0 

— 
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The  results  recorded  in  this  table  demonstrate  a  differential 
elaboration  of  agglutinins  and  opsonins,  with  respect  to  three  strains 
of  Group  "  C,"  in  the  sera  of  rabbits  four  days  after  one  inoculation 
with  various  dosies  of  the  same  vaccine. 

It  is  to  be  especially  noted  that  the  best  results,  not  only  as  regards 
l^hagocytosis  but  also  agglutination,  were  obtained  with  a  strain  (3545) 
other  than  that  used  for  the  jareparation  of  the  vaccine. 

The  next  Table  (Xo.  X.)  records  the  effects  j^roduced  after  two 
inoculations;  the  test  Avas  j^'^i'formed  on  the  fifth  day  following  tlie 
second  inoculation. 

TABLE  X. 
(1  Vol.  Serum.) 

Sera  of  Eabbits  A'o.  22,  23,  24,  25,  mid  26  tested  against  Strains  SolfO, 
SJ/.72,  and  737  (all  memhers  of  Group  "  C  "),  five  days  after  the 
Second  Intravenoiis  Inocuhifion  vifJi  a  Vaccine  jyrejyared  from  a 
Chdtnre  of  Strain  3Jf72. 


No.  of  Cocci  in 

Degree   of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

3545  (^'C") 

Rabbit  No.  22 

Uncountable 

+  +  + 

3  J 

.,      No.  23 

5  5 

+  +  + 

5  J 

,,      No.  24 

5  5 

+  +  + 

J5 

,,      No.  25 

55 

+  +  + 

5  » 

,,      No.   26 

J  5 

+  +   f 

55 

,,       No.      5    (Control) 

34 

— 

3472  ("C") 

,,      No.   22 

10 

— 

55 

,,      No.  23 

40 

+  + 

55 

,,      No.  24 

44 

+  + 

55 

..      No.  25 

Uncountable 

+  +  + 

55 

,.      No.   26 

214 

•f  + 

55 

,,      No.     5   (Conti-ol) 

0 

— 

737  ("C'-) 

„      No.   22 

6 

— 

,. 

,.      No.  23 

5 

Trace 

, , 

,,      No.  24 

9 

+ 

55 

,,      No.  25 

T'^ncDuntaiile 

-+-  -r  -h 

"  5 

,,      No.   26 

5 

+ 

,,      No.      5    (Control") 

0 

— - 

From  Table  No.  X.,  Avhere  tlie  tit)e  of  tlie  various  sera  had  increased 
sufficiently  to  allow  of  my  using  only  one  volume,  Ave  see  that  the  second 
inoculation  had  elicited  a  far  more  general  agglutinating  j^oAA-er  in  the 
various  sera  (No.  22,  the  recipient  of  the  smallest  dose,  excepted)  and 
that  all  tlie  strains  now  fell  Avithin  their  influence.  The  rise  in  opsonins 
had   progi'C.ssed   in   a  similar  manner  but  to  a  lesser   degree. 
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The  next  Table  (Xo.  XI.)  demonstrates  the  condition  jDroduced  by  the 
third   inoculation;  the  test  was  performed  six  days  after  this  event. 

TABLE  XI. 
(1    Vol.    Serum.) 
Sera  of  Rnhbiis  To.  22,  23,  2^,  25,  and  26  tested  against  Strains  od^u, 
3^72,   and  737   (all  members   of   Group   "6"'),    six  days   after  the 
Third   Intravenous   Inoculation    yifh    a    Vaccine    jjrepared   from    a 
Culture  of  Strain  3Jf.72. 


No.  of  Cocci  in 

Degree   of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

3o4.-j   C'C") 

RalibitXo.    22 

Uncountable 

+  +  + 

,, 

„      Xo.  23 

+  +  + 

J » 

,,      No.   24 

■,,   +  +  -f- 

+  +  + 

J? 

,,      Xo.  25 

,,    n-   ^-  + 

+  +  + 

>  1 

,,      Xo.   2G 

.,    + 

+  + 

5  1 

,,       Xo.      5    (Control) 

33 

— 

:U72  ("C") 

,,      Xo.   22 

70 

Trace 

J  J 

,.       Xo.   23 

240 

-t-  +  + 

3» 

,,      Xo.   21 

Uncountable 

+  +  4- 

5  J 

,,      Xo.  25 

,,   +  -J-  -i- 

+  +  + 

5  J 

,,      Xo.  26 

,  ,   -f-  + 

-t-  +  + 

5  » 

,,       X'o.      5    (Control) 

0 

— 

737  i"Q") 

,.      Xo.   22 

0 

— 

,  3 

..       Xo.   23 

119 

+ 

'> 

„      Xo.   24 

Uncountable 

+  +  + 

?) 

,,      Xo.   25 

?  J 

+  +  + 

,,      Xo.   26 

,,    +  +  + 

-f  +  + 

J> 

,,      Xo.      5    (Control; 

0 

— 

This  table  discloses  a  further  increase  in  the  titre  of  some  of  the 
sera,  both  as  regards  agglutinins  and  opsonins,  particularly  where  the 
more  resistant  strains,  3472  and  737,  were  in  question.  This  again 
exemplifies  the  fact  that  the  vaccine  organism  may  l3e  found  to  be  more 
resistant  to  the  antibodies  which  it  has  given  rise  to  than  are  other 
meml>ers  of  the  same  group. 

Vaccines  prepared  from  members  of  Group  "C"  were  used  to 
inoculate,  by  the  intravenous  method,  18  rabbits  in  all.  The  results 
were  in  every  case  similar  to  those  just  recorded,  with  the  reservation 
tliat  there'  was  evidence  that  some  members  of  this  group  provided 
1>etter  antigens  than  others.  As  an  antigen,  I  came  to  regard  strain 
3472  as  the  best  out  of  four  Avhich  I  investigated;  the  differences  were, 
however,  those  of  degree  only,  for  in  each  instance  agglutinins  and 
opsonins  were  elicited  in  the  sera  of  the  experimental  rabbits. 
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The  experiments  above  recorded  emphasize  the  degree  of  acciiracv 
witli  wliieh  the  antibodies  under  review  can  be  evaluated;  graduated 
i-esult.s  may  Ije  obtained,  not  only  by  using  3,  2,  and  1  volumes  of  the 
sera,  but  also  by  employing  test  strains  whose  differences  in  resistance, 
both  to  agglutination  and  opsonification,  have  been  previously  deter- 
mined, and  which,  more  especially  witli  respect  to  their  agglutinability, 
remain   constant   through   long   periods. 

A  similar  series  of  experiments,  using  a  vaccine  prepared  from 
meml>ers  of  Group  "A"  was  carried  out  and  the  results  were  in  each 
instance  similar  to  tho.5e  already  described. 

A  point  whicli  had  now  to  be  determined  was  the  cajjacity  possessed 
by  the  rabbit  to  elaborate,  simultaneously,  agglutinins  and  opsonins 
specific  for  each  of  five  groups  of  the  Pneumncoccus  when  the  animal  was 
inoculated  with  a  vaccine  comprising  all  the  groups. 

Sucli  a  vaccine  was  prepared  and  numerically  standardized  by  the 
methods  already  described  as  having  been  employed  for  the  Group  "  C  " 
vaccine.  The  groups  represented  in  the  vaccine  were  "A,"  "  C."  "D," 
"F,"  and  "  G,"  and  1  c.c.  of  the  finished  product  contained  2,000 
million  cocci  of  each  grou]^,  i.e.  a  total  strength  of  10,000  million  cocci 
per  c.c.  Three  rabbits.  No.  35,  36,  and  37,  were  inoculated  at  the 
times   and    in   the   manner   shown   in    Table  XII. 


TABLE  XII . 

IniravenovR  Inoculation  of  Eahhits  No.  35,  30,  and  37  irif/i  a  Vaccine 
comjwsed  of  Pneumococci  of  Groups  "A,"  "  C ',"  "  D,"  "/',"  and 
"  &'."     Dosage,  and  Dates. 


Weight. 


March  29th. 
IsC  IiKiCculation. 


April  6th. 
2nd  Inoculation. 


April  13th. 
3rd  Inoculation. 


Rabbit  35 
„  36 
„      37 


2,800  grms. 
2,520     „ 
2,410     „ 


20,000  millions 
1,000       „ 
2,000       „ 


20,000  millions 
1,000       „ 
2,000       „ 


20, 000  millions 
1,000       „ 
2,000       „ 


To  arrive  at  the  number  of  Pneumococci  of  any  one  group 
inoculated  on  any  single  occasion  it  is  only  necessary  to  divide  tlie  total 
by  five. 

My  object  in  administering  so  large  a  dose  as  twenty  thousand 
million  cocci  intravenously  was  to  ascertain,  roughly,  whether  such  a 
dose  was  toxic,  and  also  to  discover  whether  a  negative  pliase  would 
be  produced,  and  if)  so  whetlier  it  would  delay  or  completely  inhibit  the 
formation  of  antibodies. 
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For  the  sake  of  Ijrevity  I  shall  record  only  the  final  result  obtained 
after  three  inoculations,  but  it  may  lie  stated  that  the  elaboration  of 
agglutinins  and  opsonins  progressed  in  a  manner  similar  to  that  in  the 
animaLs  referred  to  in  previous  tables. 

Table  No.  XIII.  records  the  final  results  obtained  upon  testing  the 
sera  of  these  three  rabbits,  together  with  the  serum  of  a  control  rabbit, 
against  each  of  five  strains  representing  the  five  groups  of  Pneumococcus 
rei^resented  in  the  vaccine  used.  Although  the  doses  which  were  employed 
in  the  cases  of  rabbits  Xo.  30  and  37  were  less  than  the  dose  which  I 
consider  to  be  the  optimum  the  results  were  nevertheless  satisfactory — 
even  when  only  one  volume  of  serum  was  used  in  the  test.  It  must  always 
be  kept  in  mind  that  when  one  volume  of  serum  affords  such  decided 
results  a  still  greater  degree  of  l>oth  agglutination  and  phagocytosis 
would  have  occurred  if  two  or  three  volumes  had  been  employed,  whilst 
no  such  increase  of  results  could  be  brought  about  by  a  similar  increase 
of  the  control  serum  {vide  Table  XIV.). 

TABLE    XIII. 

(1   Vol.   Serum.) 
Sera,  of  Rabbits  Vo.   35,  36,  and  37  te>^ted  against   Strains  of  Groups 
"J,"    "CV'    "A"    "F,"    and   "(r',"   four  days   after    the   Third 
Intravenous    Inocidation    xcith    a    Vaccine    made    from    Cultures   of 
the-^e  Strains. 


Strain. 

Serum 

Xo.  of   Cocci   in 

Degree   of 

25  Leucocytes. 

Agglutination. 

2180  ("A") 

Rabbit  Xo. 

35 

Uncountable 

-r  +  + 

5> 

Xo. 

36 

>5 

+  +  + 

3  • 

Xo. 

37 

5> 

+  +  + 

f 

' 

Xo. 

38 

(Control) 

0 



3172  ("C") 

Xo. 

35 

TncDuntable 

■    -f  +  -r 

>> 

Xo. 

36 

0 

+ 

J  9 

No. 

37 

0 

Trace 

?5 

Xo. 

38 

(Control) 

0 

— 

300  ("D  ") 

Xo. 
Xo. 

35 
36 

Unco  UP  table 

+  +  + 
4-  +  + 

J  5 

Xo. 

37 

,, 

4-  +  + 

?  y 

Xo. 

38 

(Control) 

6 

— 

rm  ("F") 

Xo. 

Xo. 

35 
36 

Uncountable 

?  5 

+  +  + 
+  +  + 

J  J 

Xo. 

37 

>  > 

+  +  4- 

5  5 

Xo. 

38 

(Control) 

3 

— 

6  C'G") 

Xo. 

35 

Unconn  table 

4-4-4- 

9  , 

Xo. 

No. 

36 
37 

»» 

+  4-4- 
4-4-4- 

'.» 

No. 

38 

(Control 

12 

— 
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The  results  shown  in  the  above  table  disclose  .satisfactory  antibody- 
production  to  all  five  grouj^s,  Avith  the  exception  that  the  two  rabbits, 
No.  36  and  37,  which  reoeived  the  smaller  doses,  reacted  feebly  to 
Group  "C." 

Rabbit  No.  35  made  the  best  response  notwithstanding  the  massive 
doses  administered  (twenty  thousand  million  cocci  on  three  occasions). 
This  latter  fact  affords  some  evidence  that  the  pneumococcal  vaccine,  as 
prepared  for  these  experiments,  is  at  most  but  very  feebly  toxic,  and 
that  a  prolonged  negative  i^hase  is  not  caused  by  very  large  doses.  This 
animal  (No.  35)  had  elaborated  agglutinins  on  the  fourth  day  after  its 
fir.st  inoculation,  and  no  rabbit  in  any  of  my  experiments  has  done  so 
at  an  earlier  date. 

Table  XIV.  gives  the  results  of  a  test  performed,  Avith  two  and 
three  volumes  of  the  serum  of  two  of  these  animals,  against  the  relatively 
resistant  strain  3472;  and  in  Table  XV.  are  recorded  the  results  of 
testing  the  sera  of  all  three  animals,  using  one  volume,  against  a  strain 
Avliich  had  been  repeatedly  passed  through  mice. 


TABLE    XIV. 

(2  and  3  Vols.  Serum.) 

Sera  of  Rahhits  No.  36  and  37  tested  against  Strain  3^73  (Groiqj  "  C  "), 
four  days  after  the  Third  Intravenous  Inocidation  ivith  a  Vaccine 
comprisinrj  Pneumococci  of  Groups  "A,"  "  C,"  "Z>,"  "  F,"  and 
"  G,"  using  2  and  3  volumes  of  sera. 


No.  of   Cocci  in 

Dtgree   of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

3472  ("C") 

Rabbit  No.  36  (2  vols.) 

3 

+  + 

jj 

,.      No.   36   (3  vols.) 

80 

+  +  -f 

>> 

„      No.   37  (2  vols.) 

2 

+ 

>  J 

„      No.   37  (3  vols.) 

17 

+  + 

j> 

,,       No.   38    (Control) 

0 

— 

(2  vols.) 

j» 

,,      No.    38    (Control) 
(3  vols.) 

0 

The  results  recorded  in  tlie  foregoing  Table  show  tlic  greater 
degree  of  agglutination  which  occurred  when  two,  or  three,  volumes  of 
the  sera  of  the  inoculated  rabbits  were  used,  as  contrasted  with  the  absence 
of  aofijlutination  with  tlie  seiuiii  of  the  control   animal. 
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TABLE  XV. 

(1  Vol.  Serum.) 

Sera  of  liahhits  So.  35,  36,  and  37  tented  against  Strain  SoJfO  (Group 
"  C "),  after  direct  paasar/e  of  this  Strain  through  11  'Mice,  four 
dai/s  after  the  Third  Intravenous  Inoculation  with  a  Vaccine 
comprising  Pneuniococci  of  Groups   "A,"    "  C,"    "  D,"    "  F,"   and 

"G." 


Strain. 


3545  ("C") 


Serum. 


I?abl)itNo.  35 
,,  Xo.  36 
,,      Xo.   37 

Xo.   38   (Control) 


No.  of  Cocci  in 
25  Leucocvtes. 


Degree  of 

i\g2:lutination. 


Uncountable 

19 

10 

0 


+  +  + 
+  +  + 
+  4- 


The  strain  used  in  this  experiment  (Table  XV.)  was  that  numbered 
3545 — another  member  of  Group  "C"  and  the  least  refractory  member 
of  this  group  in  my  po.ssession.  The  actual  culture  used  was  the  first 
sub-culture  on  blood-agar  from  the  heart-blood  of  the  last  of  a  series 
of  ele^-en  mice,  ten  of  which  had  'been  directly  inoculated  with  the 
infected  blood  of  the  preceding   animal. 

If  the  results  in  this  table  be  compared  with  those  previously 
obtained  with  the  same  strain,  as  recorded  in  Tables  III.,  IV.,  V.,  VI., 
VII.,  IX.,  X.,  and  XI.,  it  will  be  seen  that  the  passage  of  the  strain 
through  11  mice  had  restored  the  degree  of  resistance  to  phagocytosis  in 
the  presence  of  normal  rabbit  serum  which  it  originally  possessed ;  this 
resistance,  however,  again  rapidly  disappeared  after  subculturing  on 
blood-agar. 

It  may  also  l>e  noted  that  this  passage  through  mice  had  not 
materially  affected  the  capacity  of  the  strain  to  be  agglutinated;  this 
conclusion  is  suggested  by  a  comparison  of  the  results  shown  in  Table 
No.  XV.  with  those  relating  to  Culture  3472  in  Table  Xo.  XIII.  Tlie 
volumes  of  sera  employed  in  these  instances  were  the  same,  and  the  two 
cultures  belonged  to  the  same  group,  viz.,   "  C." 


Subcutaneous  Inoculation   of  Babbits  with  Large  Doses  of  Vaccine. 

I  now  attempted  to  secure  an  antibody-production,  as  marked  as 
that  obtained  by  intravenous  inoculation,  by  the  subcutaneous 
administration  of  large  doses  of  vaccine,  and  for  this  purpose  Strain 
3472  (Gi-oup  "C")  was  once  more  selected.  Four  rabbits  were 
inoculated  as  follows:  — 
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TABLE    XVI. 

Subcutaneous  Inoculation  of  Eahhits  IS^o.  29,  30,  31,  and  32  with  a 
Vaccine  prtparcd  from  a  Culture  of  Strain  SJf.72  (Group  "  C  "). 
Dosage,   and  Dates. 


Rabbit  29 
„  30 
„  31 
.,      32 


Weight. 


1250grms. 
1120     „ 
1190     „ 
1330     „ 


Feb.  9th. 
1st  Inoculation. 


1000  millions 
1500       „ 
2000       „ 
3000       „ 


Feb.  14th. 
2nd  Inoculation. 


1000  millions 
1500       „ 
2000       „ 
3000       „ 


Feb.  2Ist. 
3rd  Inoculation. 


1000  millions 
1500        „ 
2000       „ 
3000       „ 


Table  No.  XYII.  shows  the  results  obtained  on  testing  the  sera  of 
these  rabbits,  together  with  that  of  a  control  rabbit,  eight  day.s  after 
the  third  inoculation.  The  strains  employed  in  this  test  Avere  3545 
and  3472,  both  belonging  to  Group  "C."  One  volume  of  serum  was 
used. 


TABLE   XVII. 

(1  Vol.  Serum.) 

Sera  of  Rabbits  No.  29,  30,  31,  and  32  tested  against  Strains  3o.',5  and 
3p2  (both  members  of  Group  "6"'),  eight  days  after  the  Third 
Subcutaneous  Inoculation  with  a  Vaccine  prepared  from  a  Culture 
of  Strain  3Jf72. 


Strain. 


3545   ("C; 


3472  ("C") 


iVo.  of   Cocci   in 

Degree   of 

Serum 

25  Leucocytes. 

Agglutination. 

Uabl>] 

tNo. 

29 

Uncountable 

+  +  + 

No. 

30 

'J 

+  +  + 

No. 

31 

»j 

+ 

No. 

32 

5  , 

+  + 

No. 

5 

(Cont 

rol) 

150 

— 

No. 

29 

0 

Trace 

No. 

30 

Uncountable 

+    T    + 

No. 

31 

0 



No. 

32 

Uncountable 

+    +    + 

No. 

5 

(Cont 

i-()l) 

0 
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It  is  evident  from  the  above  table  that  where  strain  3515  is  the 
test-oulture  the  antibody-jDroduction  was  satisfactory.  The  control 
rabbit's  sierum,  however,  showed  a  marked  degree  of  phagocytosis;  this 
culture  had  not,  at  this  time,  been  passed  through  a  series  of  mice. 

In  the  case  of  the  refractor}-  test-culture  3172  (which  had  been  used 
as  the  antigen),  the  production  of  antibodies  is  seen  to  have  been 
irregular;  rabbits  No.  29  and  31  failed  rather  pronouncedly,  Avhereas 
No.    30   and  32  made  a   satisfactory  immunising-response. 

A  test  performed  on  the  same  day  with  the  sera  of  rabbits  29  and 
31,  but  using  three  volumes  instead  of  one,  demonstrated  the  presence 
in  them  of  both  agglutinins  and  opsonins  for  strain  3472;  the  control 
serum,  in  three  volumes,  gave  quite  negative  results  to  the  same  strain. 

After  the  great  regularity  in  the  production  of  agglutinins  and 
opsonins  that  I  had  observed  in  the  sera  of  rabbits  which  had  undergone 
intravenous  inoculations  witli  far  smaller  doses,  I  was  somewhat 
disappointed  that  the  subcutaneous  inoculations  yielded  less  satisfactory 
results  in  spite  of  the  large  increase  in  dosage;  this  experiment  served 
to  prove,  however,  that  three  inoculations  of  a  vaccine  of  killed 
Pneumococci,  given  subcutaneously  and  in  suitable  doses,  are  capable 
of  giving  rise  to  both  agglutinins  and  opsonins  in  the  sera  of  rabbits. 
Further  experiments  dealing  with  the  sulx;utaneous  inoculation  of 
jineumococcal  vaccine  is  reserved  for  the  section  dealing  with  inocula- 
tions in  man,  in  whicli  connection  this  procedure  comes  to  occupy  a 
position    of  prime   importance. 

The  Protection  Conferred  on  Rabbits  against  Pneumococcal  SejJticacmia 
by  Previous  Intravenous  Inoculations  of  Vaccine. 

Having  established  the  fact  that  agglutinins  and  opsonins  are 
constantly  produced  in  the  sera  of  rabbits  which  have  been  suitably 
inoculated  with  killed  cultures  of  the  Pneumocooous,  it  became  desirable 
to  ascertain  by  crucial  experiment  whether  or  not  rabbits  presenting 
these  characteristics  in  their  blood  would  survive  an  inoculation  with 
several  lethal  doses  of   a  living  culture. 

My  original  control  rabbit  (Xo.  5)  died  on  January  the  2Sth  from 
an  accidentally  acquired  Pneumococcal  Septicaemia.  The  animal, 
presumably,  had  been  infected  in  the  laboratory  on  one  of  the  numerous 
occasions  when  a  sample  of  blood  had  been  withdrawn  from  a  vein  in 
the  ear.  I  identified  the  infecting  organism  as  a  member  of  Group  "  C," 
and  by  its  characteristic  behaviour  (to  which  I  have  already  referred) 
as  regards  agglutination  and  phagoc\i;osis  in  the  presence  of  sera  from 
inoculated  rabbits  I  recognised  it  as  being  probably  strain  3472,  or 
as  one  having  identical  characteristics.  The  culture  from  tliis  animal 
seemed  suitable  for  use  in  the  protection  experiment  decided  upon ;  it 
belonged,  as  already  stated,  to  Group  "  C,"  and  I  had  on  hand  a 
number  of  rabbits  which  had  been  inoculated  with  a  vaccine  corresponding 
to   this   group. 
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In  order  to  obtain  some  idea  of  the  virulence  of  this  culture  six 
normal  rabbits  were  inoculated  subcutaneously  with  a  24-hour  brotli 
culture  in  the  dose«  and  with  the  results  recorded  in  Table  XYIII. 


TABLE   XVIII. 

Reaults  of  Suhcutancoia^  Inoculation  of  ."i/x  normal  liahhits  with  a  liviufj 
broth   Culture   of  Fneumococcus   (Group    "  C "). 


Ra 


3bit  No. 

39 

,       No. 

40 

,       No. 

41 

,       No.  42  1 

,       No. 

43 

,       No. 

44 

Weijrht.  Date. 


1320grnis. 
1380  „ 
1500  „ 
1450  „ 
1420  „ 
1110  „ 


Feb.  1st  (Noon) 


Dose. 


100  millions 

200       „ 

400       „ 

800  „ 
1200  „ 
1600       „ 


Result. 


Died  Feb.  6th  (4  p.m.) 
,,  Feb.  4th  (night) 
„  Feb.  5th  (5  p.m.) 
„  Feb.  3rd  (11p.m.) 
„  Feb.  3rd  (12p.m.) 
„     Feb.  3rd(l  1a.m.) 


The  above  results  indicated  that  the  minimal  lethal  dose  of  this 
particular  culture  for  normal  rabbits,  when  inoculated  subcutaneously, 
was  probably  less  than  100  millions;  in  order  to  make  the  experiment 
which  I  shall  now  describe  conclusive  I  therefore  decided  to  employ 
a  subcutaneous  injection  of  800  million  organisms — at  least  eight  times 
the  M.L.D.  At  the  time  of  the  experimient  the  strain  had  probably 
become  slightly  more  virulent  as  it  had  in  the  meantime  been  passed 
through  another  rabbit  and  the  culture  actually  usied  Avas  the  first 
sub-culture  on  blood-agar  from  the  heart-Wood  of  this  second  animal. 

A  subcutaneous  injection  of  800  million  organisms  of  this  culture 
was  administered  to  six  normal  rabbits,  No.  45,  46,  47,  48,  49,  and  50, 
and  also  to  six  rabbits  that  had  previou.sh'  received  intravenous 
inoculations  of  pneumococcal  vaccine  (Group  "  C "),  viz.,  No.  1,  22, 
23,  24,  25,  and  26  (see  Tables  II.,  VI.,  VIII.,  and  XL).  In  order  to 
give  every  chance  to  the  normal  control  rabbits  I  selected  older  and, 
with  one  exception,  heavier  animals.  As  all  the  inoculated  rabbits 
employed  in  this  experiment  have  figured  in  the  Tables  referred  to 
the  protecting  doses  which  they  had  received,  together  with  the  condition 
of  their  sera  as  regards  agglutinins  and  opsonins,  can  be  ascertained. 
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Tiiese  results  aiDpear  to  be  conclusive;  all  the  previously  inoculated 
animals  survived  and  all  the  normal  controls  died. 

The  appearance  of  usual  health  in  the  previously  inoculated  animals 
was  very  noticeable^ — they  readily  ate  their  food  and  seemed  unaffected 
by  the  inoculum;  not  merely  did  they  survive,  they  never  appeared  to 
be  even  ill. 

On  referring  to  Tables  II.,  VI.,  VIII.,  and  XI.,  in  -which  the  doses 
of  vaccine  administered  and  the  results  of  serological  tests  in  the  case 
of  these  rabbits  are  stated,  it  is  seen  that  the  doses  varied  from  50 
million  to  2,000  million  cocci,  and  that  only  one  animal  had  received 
a  dose  of  800  millions,  Avhich  I  have  previously  stated  to  be  in  my 
opinion  the  optimum  for  a  rabbit  where  the  intravenous  method  is  used. 

From  Table  XI.  it  is  to  be  observed  that  the  serum  of  liabbit  No.  22, 
whicli  had  received  three  doses  of  only  50  million  cocci,  failed  botli  to 
agglutinate  and  ojisonise  strain  737  (Group  "  C ")  and  gave  but  a 
trace  of  agglutination  and  a  relatively  small  degree  of  phagocytosis  Avitli 
strain  3472  (Group  "C");  despite  these  facts  tlie  animal  survived  its 
test  dose. 

On  another  occasion  I  submitted  another  rabbit,  Xo.  35  (see  Tables 
XII.  and  XIII.)  to  a  test  inoculation  and  found  that  it  survived  Avhat 
were  probably  ten  lethal  doses;  the  control  in  this  instance  received  what 
was  probably  one  lethal  dose  with-  a  fatal  result. 

Taking  all  these  facts  into  consideration  one  is  justified,  I  think, 
in  concluding  that  it  is  possible  to  immunise  rabbits  against  many 
lethal  doses  of  living  Pneumococci  by  inoculating  them  intravenously 
on  three  occasions,  at  intervals  of  seven  days,  with  suitable  doses  of  a 
killed  pneumococcal  vaccine.  It  is  even  probable  that  even  one 
intravenous  dose  of  sufficient  size  aft'ords  some  measure  of  i^rotection 
since  such  an  inoculation  elicits  the  production  of  agglutinins  and 
opsonins  which  can  be  demonstrated  in  the  sera  of  animals  so  inoculated. 

Witli  regard  to  the  j^rotection  conferred  by  subcutaneous  inocula- 
tions— although  I  have  not  submitted  rabbits  inoculated  in  this  mannei- 
to  crucial  protection-tests  yet  the  j^resence  in  their  sera  of  specific 
agglutinins  and  opsonins  is  evidence  of  the  presence  of  a  definite 
immunity  in  their  case  also.  I  regard  the  pi'esence  more  iDarticulaidy 
of  agglutinins  for  the  Pneumoooccus  in  the  serum  of  a  rabbit  as  an 
indication  that  the  animal  possesses  some  degree  of  immunity  against 
members  of  that  group  to  which  the  agglutinated  Pneumocoocus  belongs. 
When  we  remember  that  the  susceptibility  of  Pneumococci  to  be 
agglutinated  by  an  antiserum  is  a  relatively  constant  phenomenon,  as 
compared    with     their    variable     susceptibility     to     phagocytosis,     it    is 
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apparent  that  tlie  phenomenon  of  agglutination  is  a  more  reliable  guide 
in  the  evaluation  of  immunity  than  is  that  of  phagocytosis. 

It  has  not  been  deemed  necessary  for  the  jDurpose  of  thi^j  work  to 
make  use  of  absorption  experiments.  There  is,  with  few  exceptions,  such 
positive  evidence  in  favour  of  the  power  of  any  member  of  a  given 
group  of  Pneumococci  to  elicit  the  formation  of  antibodies  which  are 
specific  for  all  meml:>ers  of  the  group  that  further  enquiry  in  this 
dii-ection,  having  regard  to  the  limitations  of  time  at  my  disposal, 
seemed  unwarranted.  In  the  considerable  amount  of  investigation  by 
various  workers  which  has  been  directed  to  this  end  the  only  exception 
I  have  seen  recorded  is  that  with  respect  to  three  cultures — which  I  have 
already  referred  to  as  having  been  placed  by  0.  T.  Avery^  in  sub- 
group "  II.x."  which  corresponds  to  a  sub-group  of  my  GroujD  "B.'' 


lntravenovi<   Inoculation    of  Pneumococcal    Vaccine    in  Man. 


In  continuation  of  the  logical  sequence  of  these  experiments  I 
attempted  to  produce  in  the  blood  of  man,  by  the  inoculation  of  vaccine, 
the  same  characteristics — agglutinating  and  opsonising  power — that  I 
had  succeeded   in  establishing  in   rabbits. 

My  own  serum  had  been  used  as  a  normal  control  on  many  hundreds 
of  occasions  where  the  Pneumococcus  was  under  investigation,  not  only 
during  .Sir  Almroth  Wright's  work  in  Johannesburg,  in  1911-1912,  but 
throughout  the  three  subsequent  years;  in  no  single  instance  had  it 
agglutinated  any  strain  of  Pneumococcus  and  I  therefore  decided  to 
use  myself  for  the  purpose  of  an  experiment. 

The  following  table,  Xo.  XX.,  records  the  dosage,  time,  and  method 
of  my  self-inoculation.  I  used  for  this  purpose  the  same  batch  of 
vaccine  (prepared  from  strains  2480,  3472,  300,  506,  and  6 — Groups 
"  A,"  "  C,"  "  D,"  "  F,"  and  "  G  ")  that  had  previously  been  employed 
in  the  experiments  dealing  with  Rabbits  35.  36,  and  37  (vide  Tables 
Xll.  and  XIII.).  Each  c.c.  of  this  vaccine  contained  10,000  million 
cocci,  comprising  2,000  million  of  each  group. 
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TABLE  XX. 

Intravenous  Inoculation*  of  myself  with  a  composite   Vaccine.     Domge 

and  Dates. 


Feb.   IStli 
(1st   Inoculation). 


F.S.L. 


2,000   millions. 


Feb.   22nd  I  Feb.   28th 

(2nd  Inoculation).    |    (3rd  Inoculation). 


2,000   millions.      |     4,000   millions. 


Neither  the  first  nor  the  second  inoculation  gave  rise  to  any  pro- 
duction of  agglutinin  or  opsonin  in  my  blood,  both  antibodies  were, 
however,  demonstrable  a  few  days  after  the  third  dose. 

The  results  of  testing  my  serum  against  the  five  groups  inoculated 
are  set  out  in  the  next  table;  the  control  was  my  European  Laboratory 
Assistant. 

TABLE  XXI. 

(3  Vols.  Serum.) 

Author's  serum  tested  against  Groups  "J,"  "(7,"  "Z?,"  "F,"  and 
"  G,"  five  days  after  the  Third  Intravenous  Inoculation  with  a 
comjjosite  Vaccine. 


No.  of  Cocci  in 

Degree   of 

Strain. 

Serum. 

25  Leucocytes. 

Agglutination. 

2480  ("A") 

F.S.L. 

Uncountable 

+  + 

> » 

A.G.L.  (Control) 

102 

3472  ("C  ") 

F.S.L. 

Uncountable 

+  + 

, , 

A.G.L.  (Control) 

60 

— 

300  ("D") 

F.S.L. 

Uncountable 

Trace 

, , 

A.G.L.  (Control) 

>> 

- — 

506  ("  F") 

F.S.L. 

5  5 

— 

, , 

A.G.L.  (Control) 

66 

— 

6  ("G") 

F.S.L. 

Uncountable 

+  +  + 

" 

A.G.L.  (Control) 

127 

— 

*  The  vein  selected  was  the  Median  Basilic. 

It  is  seen  from  the  results  recorded  in  this  table  that  the  Author's 
serum  had  elaborated  agglutinins  and  opsonins  in  respect  of  four  out 
of  the  five  groups  made  use  of.  For  the  fifth  group  ("  F ")  no 
agglutinins  were  demonstrable,  but  the  opsonins  were  present  in  an 
amount  far  greater  than  in  the  normal  control  serum. 
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The  antibody-content  of  mj  serum  continued  to  increase  without 
I'lirther  inoculation,  and  Table  No.  XXII.  gives  the  results  of  a  test 
performed  on  April  the  11th,  six  weeks  after  the  third  and  final 
inoculation.  On  this  occasion  it  was  possible  to  demonstrate  the  presence 
of  agglutinins  by  employing  only  one  volume  of  serum. 


TABLE  XXII. 

(1   Vol.    Serum.) 

AutJtor\^  serinn  fe><ted  againsif  Groujis  "^4,"  "f,"  "  7),"  "F,"  and 
"Cr,"  six  weeks  after  the  Third  Intravenous  Inocidation  irith  a 
composite  Vaccine. 


No.  of  Cocci  in 

Degree   of 

Strain. 

Serum. 

2-5  Leucocytes. 

Agglutination. 

2480  ("A") 

F.S.L. 

L''ncnuntable+  + 

+  +  -^- 

,  ^ 

A.G.L.  (Control) 

136 

— 

3472   ("C") 

F.S.L. 

34 

+ 

, , 

A.G.L.  (Control) 

5 

— 

.300  ("D") 

F.S.L. 

Uncountable  +  + 

+ 

5  ) 

A.G.L.  (Control) 

^ 

506  (-'F") 

F.S.L. 

+ 

— ■ 

,, 

A.G.L.  (Control) 

98 

— 

6  ("G") 

F.S.L. 

Uncountable  +  -i- 

+  +  + 

>> 

A.G.L.  (Control) 

175 

— 

It  is  to  l>e  remarked  that  these  results — employing  only  one  volume 
of  the  serum — are  equally  as  good  (the  reactions  to  strain  3472  excejjted) 
as  those  recorded  in  Table  XXL,  where  three  volumes  were  used.  On  the 
same  day  I  further  tested  the  reaction  between  the  relatively  resistant 
strain  3472,  my  serum,  and  that  of  my  control,  making  use  of  tiro 
volumes;  under  these  conditions  complete  agglutination  and  uncountable 
l)hagocytosis  occurred  with  my  serum,  whilst  with  that  of  my  control 
(A.G.L.)  the  phagocA-tic  count  wa«  12  and  agglutination  was  absent. 

Three  X^atives  from  Portugue.se  East  Africa  were  now  intravenously 
inoculated  witli  three  doses,  each  of  2,000  millions,  of  the  same  vaccine 
as  I  had  used  for  myself.  The  results  obtained  were  similar  to  those 
described  in  my  own  case,  with  the  exception  that  all  three  elaborated 
agglutinins  to  Group  "F"  in  addition  to  those  for  the  other  four 
groups  concerned. 

Two  East  African  Natives  were  tlien  inoculated  with  larger  do.ses 
of  the  same  vaccine,  as  follows:  — 
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TABLE   XXIII. 

Inf ravenous  Inoculation    of   two   East  African   Natives   ivitfi  n   composite 
Vaccine.     Dosage  and  Dates. 


Native  No.  2377 

(Shangaan) 
Native  No.   2579 
(M'cliopi) 


March  8th 
(1st  Inoculation). 


March  15th 
(2nd  Inoculation). 


-1,000  millions 


8,000 


4,000  millions 
8,000 


March  21st 
(3rd   Inoculation). 


4,000  millions 
8,000 


I  give  below  (Table  XXIV.)  the  I'csults  of  testing  these  two  sera 
and  that  from  a  European  control  (A.G.L.)  six  weeks  after  their  third 
inoculation.  It  is  not  necessary  to  record  in  detail  the  results  of 
serological  tests  made  after  the  first  and  second  inoculations ;  suffice  it 
to  state  that  traces  of  agglutination  were  demonstrated  seven  days  after 
their  first  inoculation,  that  these  had  increased  substantially  on  thie 
sixth  day  after  the  second  inoculation,  and  that  six  days  after  the  third 
inoculation  the  degree  of  agglutination  and  phagocytosis  of  all  five 
strains  in  the  presence  of  both  sera  had  reached  a  satisfactory  degree — ■ 
only  one  volume  of  serum  being  employed. 

TABLE  XXIV. 

(1   Vol.    Serum.) 
Sera  of  Natives  No.  2S77  and  2579  tested,  against  Groups  "^1,"   "(7," 
"  D,"    "  F,"    and    "G"    six    weeks    after    the    Third    Intravenous 
Inoculation  with  a.  composite  Vaccine. 


Strain. 

Serum. 

No.  of  Cocci  in 

Degree   of 

25  Leucocytes. 

Agglutination. 

2480  ("A") 

2377 

Uncountable  +  +  + 

+  +  + 

2579 

+  +  + 

+  +  -V 

A.G.L. 

(Control) 

186 

— 

3472 

("C") 

2377 

Uncountable 

+  +  + 

2579 

36 

+  +  4- 

A.G.L. 

(Control) 

13 

300 

("D") 

2377 

Uncountable 

+ 

2579 

)5 

+  + 

A.G.L. 

(Control) 

80 

— 

50G 

("F") 

2377 

Uncountable  +  +  + 

4-  +  + 

2579 

+  +  + 

+  +  + 

A.G.L. 

(Control) 

89 

— 

6 

("G") 

2377 

Uncountable  +  +  + 

+  +  + 

2579 

+  +  + 

+  +   4- 

A.G.L. 

(Control) 

100 

— 
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Neither  of  these  Natives  were  prevented  from  carrying  out  their 
usual  employment  for  a  single  day  as  a  result  of  their  inoculations.  In 
view  of  these  mild  reactions  I  decided  t-o  inoculate  thi-ee  other  East 
African  Natives  with  still  larger  doses.  Three  healthy  Natives  were 
selected  and  a  j^reliminary  test  was  performed  with  their  sera  in  respect 
to  each  of  the  five  strains  contained  in  the  vaccine.  Agglutination  was 
absent  in  all  cases.  The}'  were  then  inoculated  with  the  vaccine  as 
follows :  — 


TABLE    XXV. 

Intravenous  Inoculaiion  of  tJiree  East  African  X  at  ires  iritli  a  composite 
Vaccine.     Dosage  and  Dates. 


April  oth 
(1st  Inoculation). 


Native  No.  1911 
No.  113 
No.     871 


April  12tli 
(2nd  Inoculation). 


2,500    millions,    5,000    millinn> 
5,000        ,.         i  10,000 
10,000        .,         '  20.000 


April  19th 
(3rd  Inoculation). 


10.000    millions 

20,000 

40.000 


The  results  obtained  on  testing  the  .serum  of  a  European  control 
and  the  sera  of  these  Natives,  13  days  after  their  third  inoculation,  are 
set  out  in  Table  XXVI.  Details  of  the  tests  jierformed  during  the  course 
of  the  three  inoculations  are  again  omitted.  It  is  to  be  remarked, 
however,  that  the  serum  of  Native  871,  who  had  received  an  initial  dose 
of  ten  thousand  million  cocci,  agglutinated  and  opsonised  the  Pneumo- 
coccus  of  all  the  groups,  excepting  "D,"  six  days  subsequent  to  the  first 
inoculation. 
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Pneumococcal    Prophylaxis 
TABLE   XXVI. 


(1  Vol.  Serum.) 

Sera  of  Satiref;  Vo.  1911,  113,  cvul  S7 1  te^ied  arininxt  Qrovps:  "A," 
"C,"  "Z>,"  "/'\"  and  "&',"  thirteen  days  after  the  Third 
Inf rarenoiis  I nnridation   with  a  composite  Vaccine. 


No.  of  Cocci  in 

Degree   of 

Strain. 

Sornm. 

25  Leucocytes. 

Agglutination. 

2480  ("A") 

1911 

Uncountable  +  +  + 

+  +  + 

'> 

113 

+  +  + 

+  +  + 

»> 

871 

+  +  + 

+  +  + 

) » 

A.G.L.  (Control) 

101 

— 

.3472  ("C") 

1911 

Uncountable  +  +  + 

+  +  + 

jj 

113 

+  +  + 

+  +  + 

5  ) 

871 

)  1 

+  +  + 

,, 

A.G.L.  (Control) 

16 

— 

300  \"D") 

1911 

Uncountable 

— 

5  5 

113 

)  J 

Ti'ace 

5  ) 

871 

J  > 

+ 

A.G.L.  (Control) 

200 

- — 

nor.'V'  F") 

1911 

Uncountable  +  +  + 

+  +  + 

,, 

113 

+  +  + 

+  +  -■- 

) » 

871 

+  +  + 

+  +  + 

) ) 

A.G.L.  (Control) 

100 

— 

G  C'G") 

1911 

Uncountable  +  +  + 

+    +    T- 

5  > 

113 

+  +  + 

+    +    + 

?  9 

871 

+  +  + 

+    +    + 

A.G.L.  (Control) 

125 



The  above  table  shows  that  remarkably  good  results,  from  the  point 
of  view  of  antibody-production,  were  obtained  Avith  the  three  Natives' 
sera,  excepting  in  the  case  of  "  D  "  group.  This  group  has  l)een  the 
least  amenable  in  nearly  all  of  the  inoculations  in  man.  I  have  previously 
referred  to  the  fact  that  some  sti-ains  possess  better  antigenic  properties 
than  others;  unfortunately  this  wa.s  the  only  culture  belonging  to 
Group  "D"  which  was  available  and  it  had  loeen  subcultured  on  blood- 
agar  for  more  than  eighteen  months.  Had  I  other  strains  of  this  grouji 
to  select  from  I  should  proliably  liave  ol)tained  more  satisfactoi-y  result^s. 
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Suit  cutaneous  Inoculation  of  Pneumococcal  Vaccine  in  Man. 

I  have  previously  shown  (Tables  XVI.  and  XVII.)  that  agglutinin's 
and  opsonins  were  produced  in  the  blood  of  rabbits  which  had  received 
three  suitable  inoculations  subcutaneously.  Some  two  hundred  thousand 
X^ative  labourers  are  constantly  employed  in  the  gold-mining  industry, 
and  the  subcutaneous  method  has  practical  advantages  over  the  intra- 
venous where  prophylactic  inoculation  is  to  be  carried  out  in  man  on 
the  large  scale  which  is  necessitated  by  our  conditions  on  the  Rand.  I 
proceeded  therefore  to  investigate  the  sulx!utanenus  method  as  applied  to 
man. 

In  the  first  instance  three  East  African  X'atives  were  each  sub- 
cutaneously inoculated,  on  three  occasions  at  seven  day.s  intervals,  with 
the  following  doses:  1st  inoculation,  2,000  millions;  2nd  inoculation, 
4,000  millions;  3rd  inoculation,  4,000  millions.  The  sera  of  these 
Natives  were  tested  during  the  course  of  inoeulation  and  also  seven  days 
subsequent  to  the  third  inoculation  and  all  failed  to  show,  at  any  time 
and  even  with  tliree  volumes  of  serum,  the  presence  of  agglutinins.  There 
was  some  irregular  increase  of  opsonins,  but  this  did  not  approach  the 
standard  that  I  regarded  as  satisfactory  for  my  purpose. 

Two  East  African  X'atives  were  next  inoculated  with  the  same  number 
of  doses  and  at  the  same  time-intervals,  but  each  dose  now  consisted  of 
12,000  million  cocci.  Tests  performed  in  the  usual  manner  afforded  no 
better  results  than  in  the  previous  experiment. 

The  vaccine  used  on  each  occasion  was  of  the  same  batch  as  had 
been  employed  throughout  the  intravenous  experiment  on  man  previously 
recorded;  it  had  been  prepared  from  blood-agar  cultures.  In  view  of 
this  entire  want  of  success  I  decided  to  rejDeat  the  experiments  with  a 
vaccine  whicli,  although  composed  of  the  same  strains,  had  l^een  prepared 
by  a  different  method. 

Pneumococci  were  grown  in  4%  goat-serum  peptone-broth  for  about 
18  hours;  at  the  end  of  this  period  '75%  of  glucose  was  added  and  the 
cultures  were  returned  to  the  incubator  for  a  further  six  hours.  The 
presence  of  this  percentage  of  glucose  during  the  last  six  hours  of 
incubation  greatly  increases  the  growth  without  bringing  about  that 
advanced  degree  of  autolysis  which  frequently  occurs  when  Pneumococci 
are  grown  in  glucose  broth  for  a  continuous  period  of  24  hours  or  more. 

The  cocci  were  recovered  by  means  of  tlie  centrifuge,  and  were 
emulsified  in  saline  containing  *25%  carbolic  acid;  this  sufficed  to  render 
the  vaccine  sterile,  no  heat  lieing  applied  for  this  purpose.  The  cocci 
were  eniimerated  by  Sir  Almroth  Wright's  blood  method. 

The  vaccine  contained  approximately  10.000  (ten  thousand)  million 
cocci  per  c.c.  2,000  millions  of  each  of  the  Groups  "A,"  "  C,"  "D," 
"F,"  and  "G." 
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Three  freshly  seleeted  East  African  Natives  were  now  inoculated  as 
follows :  — 


TABLE   XXVII. 

Siihntfnneoitii  Inocuhifinn  of  three  Eof^f  African  Kntivea  trith  a  rnmjiofiite, 
seriiin-f/hirnxf\  Vnrrinr .     Dosage  and  Dates. 


Native  86J: 
,,  704 
,,      769 


May   9th 
(1st    Inoculation). 


May  16th  t  May  23rd 

(2nd    Inoculation).   |    (3rd    Inoculation). 


10,000   millions 

(1  c.c.) 
20,000   millions 

(2  c.c.) 
30,000    millions 

(3  c.c.) 


10,000   millions 

(1  c.c.) 
20,000   millions 

(2  c.c.) 
30.000    millions 

(3  c.c.) 


10,000   millions 

(1  c.c.) 
20,000  millions 

(2  c.c.) 
30,000   millions 

(3  c.c.) 


The  site  of  the  subcutaneous  inoculation  was  a  hand's  breadth 
beneatli  the  clavicle.  The  inoculum  was  administered,  in  the  case  of 
Native  794,  by  two,  and  in  tliat  of  Native  769,  by  three,  separate 
injiections  on  each  occasion. 

The  usual  preliminary  test  of  these  Natives'  sera,  carried  out  prioi' 
to  their  first  inoculation  and  using  three  volumes  of  the  serum,  disclosed 
entire  absence  of  agglutinins  throughout.  The  phagocytic  counts  were 
less  than  those  of  the  European  control. 

Seven  days  after  the  first  inoculation  the  presence  of  agglutinins  and 
an  increase  in  opsonins  could  be  demonstrated  in  the  serum  of  Native 
769,  who  had  received  the  largest  dose;  the  evidences  were,  however,  veiy 
slight. 

Seven  days  after  tlie  second  inoculation  the  agglutinins  and  opsonins 
had  increased  to  a  notable  extent  in  the  sera  of  Natives  794  and  769 ; 
these  had  received  the  larger  doses.  On  this  occasion  the  serum  of  Native 
769  agglutinated  and  opsonised  all  strains,  with  the  exception  of  "F," 
when  only  one  volume  of  his  serum  was  used.  Number  864,  Avho  had 
received  the  smallest  dose,  had  developed  agglutinins  to  Groups  "D" 
and  "G"  only. 
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In  Table  XXYIII.  are  presented  the  results  obtained  on  testing  the 
sera  of  these  Natives,  together  with  the  serum  of  a  European  control  (J.), 
seven  days  after  the  third  subcutaneous  inoculation  Avith  this  vaccine 
(prepared  from  serum-gluoose-broth  cultures). 


TABLE   X XVII I. 

(I  Vol.  Serum.) 

Sera  of  Xatires  Xo.  SG.'f,  79 j,  and  709  tested  against  Groups  ''A,"  "C," 
"Z).""  "  F,"  and  "6","  seven  days  after  the  Third  Subcutaneous 
Inoculation    with   a   coynposite,    serum-glucose,    Vaccine. 


Xo.  of  Cocci  in 

Degree   of 

Strain. 

Serum. 

2o  Leucocytes.        ; 

I 

Agglutination. 

2480   ("A"j 

864 

116 

_ 

5  J 

794 

Cncountal)le-r  +  + 

+  +  + 

J  J 

769 

+  +  + 

+  +  + 

»  J 

J  (Control) 

104 

— 

3-171'   ("C") 

864 

161 

— 

>  > 

794 

157 

— 

)  > 

769 

Uncountable  +  +  -i- 

+  -h  -r 

J  (Control) 

42 

— 

300"("D") 

864 

Uncountable 

— 

>  J 

794 

+  +  + 

+  + 

769 

+  +  + 

+  +  -r 

,, 

J   (Control) 

179 

— 

506  C'F") 

864 

Uncountable 

— 

794 

5  ) 

— 

769 

>  > 

— 

5  > 

J  (Control) 

)> 

— 

6  ("0") 

864 

200 

— 

794 

Uncountable -i-  + 

+  + 

769 

+  +  + 

-f  +  -1- 

" 

J   (Control) 

103 

Study  of  the  foregoing  Table  shows  that  the  largest  doses  had  elicited 
the  greatest  antibody-response,  and  that  the  Native  (864)  who  received 
the  smallest  dose  failed  to  produce  agglutinins  to  any  of  the  five  groups 
when  one  volume  of  serum  was  employed  for  the  test. 
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This  experiment  was  the  first  occasion  on  which  I  succeeded  in 
producing  agglutinins  in  man  by  subcutaneous  inoculation.  In  order 
to  confirm  the  results  six  other  East  African  Natives  were  selected  and, 
after  the  customary  preliminary  testing  of  their  sera  (which  disclosed 
complete  absence  of  agglutinins  tliroughout),  they  were  inocuL^ted  as 
follows:  — 


TABLE   XXIX. 

Siihnitaneniifi  1  nnnilafinn  of  six  East  African   Natives  with  a  composite, 
ser}ivi-c/lvcose,    Vaccine.      Dosnge   and  Dates. 


June  3rd 

June  9th 

June  16th 

(1st    Inoculation). 

(L!nd  Inoculation). 

(3rd   Inoculation). 

Native 

16174 

20,000    millions 

20,000    millions 

30,000   millions 

(2c.c.) 

(2c.c.) 

(3c.c.) 

,, 

161.39 

20,000 

20,000 

20,000 

(2c.c.) 

(2c.c.) 

(2c.c.) 

,, 

16056 

30,000 

30,000 

30,000 

(.3c.c.) 

(3c.c.) 

(3c.c.) 

16122 

30,000 

30,000 

30,000 

(3c.c.) 

(3c.c.) 

(3c.c.) 

» y 

1 600S 

30,000 

30,000 

40,000 

(3c.c.) 

(3c.c.) 

(4c.c.) 

5  ) 

15965 

30,000 

30,000 

40,000 

(3c.c.) 

(3c.c.) 

(4c.c.) 

It  will  be  noticed  that  the  doses  administered  at  the  third  inoculation 
were  not  sei'ially  consistent  in  all  cases.  In  this  experiment  the  site  chosen 
for  the  inoculation  was  the  same  as  in  the  preceding  experiment,  but 
the  inoculum  was  now  administered  in  every  case  by  a  single  injection. 

The  results  obtained  confirmed  the  findings  of  the  previous  experi- 
ment, and  the  observations  made  seven  days  after  the  third,  subcutaneous 
inoculation  are  recorded  in  Table  XXX. ;  although  somewhat  lengthy  this 
Table  affords  the  reader  the  opportunity  of  detailed  comparison  with 
Table  XXVIII. 


F.  S.  Lister 


275 


TABLE  XXX. 

(1  Vol.  Seium.) 

Sera  of  Natives  Xo.  16174,  16139,  16056,  16122,  lOOOS,  and  10960  tested 
against  Groups  ".4,"  "C,"  "ZJ,"  "/^,"  and  "  G,"  seven  days  after 
the  Third  Subcittaneoiis  Inoculation  with  a  composite,  serum-glucose, 
Vaccine. 


1       No.  of  Cocci  in 

Degree   of 

Strain. 

Serum.                     25  Leucocytes. 

Agglutination. 

24S0   ("A") 

16174 
16139 

Uncountable 

Trace 

>  J 

16056 

J  ■> 

+ 

)> 

16122 

5  ' 

.  + 

)  5 

16008 

+  + 

'  +  + 

)  5 

15965 

+  +  + 

+  +  + 

)  > 

A.G.L. 

(Control):            127 

— 

3472  ("C") 

16174 

Uncountable 

— 

>> 

16139 

+     +     + 

+  +  + 

9  > 

16056 

+     + 

+  +  + 

3  > 

16122 

+ 

+  -f- 

9  9 

16008 

+     +     + 

+  +  + 

9  } 

15965 

,,                           +     + 

+  + 

>  y 

A.G.L. 

(Control) 

22 

— 

300  ("D") 

16174 

Uncountable  +  + 

+  +  + 

>  * 

16139 

+  +  + 

+  +  + 

9  9 

16056 

+  +  + 

+  +  + 

>  J 

16122 

+  + 

+  + 

J  5 

16008 

+  +  + 

+  +  + 

>  5 

15965 

+  +  + 

+  +  + 

5  5 

A.G.L. 

(Control) 

154 

— 

506   ("F") 

16174 

Uncountable  +  + 

+  + 

J  > 

16139 

+  + 

+  + 

J  J 

16056 

+  + 

+  +  + 

•  > 

16122 

+  +  + 

+  H-  4- 

16008 

+  + 

+   4-   + 

15965 

+  +  + 

+  +  + 

A.G.L. 

(Control) 

123 

— 

e'rG") 

16174 

207 

— 

16139 

Uncountable + 

+  + 

5  J 

16056 

>  ? 

+  + 

16122 

1 J 

+  + 

1 6008 

165 

Trace 

15965 

Uncountable  +  + 

+  +  + 

>5 

A.G.L. 

(Control) 

100 
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The  results  presented  in  the  foregoing  table  correspond  broadly 
with  those  recorded  in  Table  XXVIII.,  they,  however,  reveal  a  good 
response  to  inoculation  with  Group  "  F  "  and  a  less  satisfactory  result, 
in  some  of  the  cases,  where  Groups  "  A  '"  and  ''  G  "  are  concerned. 

Selection   and   Preparation    of   Vaccine. 

It  will  always  be  obligatory,  where  prophylactic  inoculation  against 
Lobar  Pneumonia  is  in  question,  to  ascertain  which  groups  of  the 
organism  are  prevalent  in  the  population  to  be  protected.  This  can  only 
be  compassed  by  a  sustained  investigation,  or  at  least  by  investigations 
at  comparatively  short  intervals.  This  necessity,  probably  apj^lies  witli 
greater  force  to  the  industrial  population  of  the  Rand  than  in  America, 
Germany,    and   probably  other  countries. 

As  previously  stated  (under  the  section  dealing  with  the  Classifica- 
tion of  Pneumococci)  there  are  a  greater  number  of  groups  in  the 
Transvaal  tlian  in  some  other  countries.  Not  only  is  this  the  case,  but 
the  prevalence  of  some  of  the  less  important  groups  peculiar  to  South 
Africa  appears  to  change  from  year  to  year ;  without  precise  knoAvledge 
as  to  the  groups  which  should  be  represented  in  our  vaccine  any  attempt 
at  extended  prophylactic  inoculation  will  be  at  a  serious  disadvantage. 

For  use  on  the  Rand  a  proiDhylactio  vaccine  should,  at  the  present 
time,  include  a  due  representation  of  Groups  "A,"  "  B,"  and  "C." 
It  will  also  be  advantageous  to  make  use  of  those  strains  from  the 
selected  groups  which  experiment  has  shown  to  possess  the  best  antigenic 
({ualities,  and  it  is  not  improbable  that  the  most  satisfactory  results 
will  generally  be  achieved  with  recently  isolated  cultures. 

If  the  intravenous  method  of  inoculation  is  to  be  used  I  would 
recommend  that  the  vaccine  should  be  prepared  from  24-hour  growths 
of  Pneumococci  on  blood-agar.  For  vaccine  for  subcutaneous 
administration  the  Pneumococci  should  be  obtained  from  a  serum- 
glucose-broth  culture,  in  the  manner  described  in  the  section 
"Subcutaneous  Inoculation   of  Pneumococcal  Vaccine   in   Man." 

■\^^len  many  tens  of  thousands  of  these  relatively  large  doses  of 
pneumococcal  vaccine  are  required,  practical  difficulties  arise  in  its 
rapid  manufacture.  I  have  attempted  to  circumvent  these  inconveniences 
bv  experiments  in  a  number  of  directions,  but  liitherto  with  but  little 
success;  recourse  has  been  had  to — (1)  filtering  broth  cultures  rapidly 
through  Berkefeld  filters,  (2)  separation  of  the  cocci  from  broth  cultures 
by  electrolytic  metliods,  (3)  precipitation  of  the  cocci  by  means  of  aluni, 
and  (4)  using  for  the  vaccine  the  heavy  deposit  of  Pneumococci  which 
occurs  in  glucose-broth  cultures   after  40  hours'  incubation. 

With  methods  (1)  and  (2)  I  obtained  no  success;  with  (3)  the  cocci 
may  be  rapidly  recovered,  but  at  present  I  have  not  determined  Avhethei- 
a  vaccine  prepared  by  this  method  will  elicit  the  necessary  antibody- 
formation.  With  (4)  it  is  possible  rapidly  to  prepare  very  lai'gc 
quantities   of   vaccine,    but    unfortunately   the   material  has    proved,    on 
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experiment,  to  be  quite  inert  as  an  immunising  agent;  the  cocci  obtained 
by  this  method  have  undergone  advanced  autolytic  changes  which 
apparently  comiDletely  destroy  their  antigenic  pix)perties.  At  the  present 
time  the  only  practical  method  of  jDreparing  the  vaccine  in  large 
quantities  for  subcutaneous  administration  is  by  recovering  the  cocci 
from  glucose-serum-broth  cultures  by  means  of  large  centrifuges.* 

It  is  not  out  of  plaoe  here  to  remark  that  the  rabbit  and  the  man 
do  not  resjjond  similarly  to  injections  of  the  same  pneumococcal  vaccine. 
The  subcutaneous  administration,  to  a  mnn,  at  appropriate  intervals,  of 
three  30,000  million  doses  of  a  composite  (five-group)  vaccine — prepared 
from  serum-glucose-broth  cultures — ^will  result,  as  already  shown  (Table 
XXVII.  et  seq.)  in  satisfactory  antibody-production;  smaller  doses  of  the 
same  vaccine  will  be  equally  successful  if  administered  intravenously. 
A  rabbit  can,  however,  be  inoculated  with  doses  of  exactly  tlie  same 
size  of  the  same  vaccine,  either  subcutaneously  or  intravenously,  and 
yet  no  appearance  of  agglutinins  or  increase  of  opsonins  will  become 
apparent.  An  entirely  satisfactory  immunity-response  can  nevertheless 
be  elicited  in  the  rabbit  by  the  intravenous  administration  of  only 
1,000  million  cocci  (Table  XII.  et  seq.)  of  a  composite  (five-group) 
vaccine  which  has  been  prepared  from  24-hour  blood-agar  cultures. 

These  facts  indicate  the  need  for  the  further  investigation  of 
pneumococcal  antigens,  and  suggest  the  possibility  that  improved 
methods  will  yield  better  results  than   are  recorded  in  this  study. 

Du>ie   and  MetJiod  of  Administration  Necessary  to  Produce  Agglutinins 
and  Opsonins  for  the  Pneumococcus  in  the  Serum  of  Man. 

It  makes  but  little  difference  to  the  resulting  antibody-formation 
in  the  serum  of  man  whether  the  vaccine  be  administered  intravenously 
or  subcutaneously,  provided  that  suitable  dosage  be  employed  for  the 
method  chosen;  a  dose  that  will  give  satisfactory  results  if  injected 
intravenously  may  be  without  demonstrable  effect  if  given  subcutaneously, 
but  not   vice  versa. 

It  appears  to  be  of  no  importance  whether  a  given  dose  be 
administered  in  a  single  or  in  multiple  injections  at  the  same  time.  It 
is,  however,  essential  to  a  satisfactory  result  that  more  than  one  dose  be 
given;  it  is  true  that  it  is  possible  to  demonstrate  the  presence  of 
agglutinins  in  the  serum  of  man  after  one  large  intravenous  dose,  or 
even  after  a  single  very  large  subcutaneous  dose,  and  the  agglutinin 
content  of  the  serum  increases  after  two  substantial  subcutaneous 
injections,  yet  the  most  constant  and  satisfactory  results  folk)\v  tlie  third 
dose. 


*  Since  writing  tho  above  I  have  discovered  that  the  Pneumococci 
growing  in  a  broth  culture  are,  under  certain  easily  attainable  conditions, 
retained  in  the  revolving  bowl  of  a  particular  type  of  milk-separator,  and 
I  have  adopted  this  method  for  the  preparation  of  this  vaccine.  My  chief 
difficulty  now  lies  in  the  comparative  scantiness  of  the  pneumococcal  growtli 
obtainable  in  fluid  media. 
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The  doses  should  be  siDaced  at  seven-day  intervals.  Although  results 
equally  good  are  obtained  where  the  intervals  are  of  five  days  I  think 
it  advisable  to  allow,  in  man,  the  extra  two  daj's  to  ensure  the  complete 
disappearance  of  any  feeling  of  malaise  or  of  any  local  reaction  which 
may  occasionally  supervene  upon  an  inoculation. 

Having  in  mind  the  practical  advantages  possessed  by  the  sub- 
cutaneous method  as  compared  with  the  intravenous — not  only  in  the 
saving  of  time  but  also  in  its  freedom  from  certain  theoretical  dangers — 
I  recommend  the  following  procedure:  — 

Three  doses,  each  containing  6,000  (six  thousand)  millions  of 
each  group  of  Pneumococcus  against  which  immunity  is  sought  to  be 
established,  should  be  inoculated  subcutaneously  in  the  infra- 
clavicular  region,    at  intervals  of  seven   days. 


Toxicitu  of  Pntiuiiococcal  Vaccine  to  Animals. 

Killed  pneumococcal  vaccines  have  proved  but  slightly  toxic  to 
experimental  animals;  all  the  inoculated  ra/bbits,  even  where  three  intra- 
venous doses  each  of  20,000  million  cocci  Avere  employed,  increased  in 
weight  during  the  period  of  immunisation.  The  constancy  of  this  feature 
was  doubtless  in  part  due  to  the  fact  that  the  animals  about  to  be 
inoculated  Avere  transferred  from  a  large  outside  run  to  small  cages  inside 
the  building,  thus  curtailing  their  activity. 

During  my  investigations  I  also  inoculated  three  guinea-i^igs  as 
follows :  — 

No.    1. — Three  subcutaneous    inoculations,    each    of    60,000    million 
cocci,  at  seven   days'    interval. 

No.   2. — Three   subcutaneous    inoculations,    each    of    40,000    million 
cocci,   at  seven   days'    interval. 

No.   3. — Three   subcutaneous    inoculations,    each    of   30,000    million 
cocci,   at  seven   days'    interval. 

These  large  doses  did  not  appear  to  be  in  any  way  detrimental  to  the 
health  of  any  of  these  three  animals.  Two  months  later  one  of  them 
had  a  litter  of  quite  healthy  young. 


Gt7ieral  and   Local   Reaction    in    Man    following    Pneumococcal 

Inoculations. 

It  is  necesvsary  to  point  out  that  the  temperature  of  East 
African  Natives  frequently  varies,  for  reasons  I  think  but  little  under- 
stood. If  the  temperature  of  a  batch  of  such  Natives,  apparently  in 
normal  health,  be  taken  twice  daily  over  a  period  of  a  month  a  number  of 
them  will  show  frequent  slight  elevations. 
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The  Natives  inoculated  intravenously  showed  no  local  and  very 
slight  general  reaction,  and  none  was  prevented  from  continuing  his 
usual  work;  it  should  be  remarked,  however,  that  they  Avere  employed 
in  isurface  work,  which  is  less  arduous  than  many  forms  of  underground 
employment.  Similarly,  in  my  own  case,  the  general  reaction  was  mild 
after  the  first,  and  absent  after  the  second  and  third  doses,  and  caused 
no  interference  with  my  usual  occupations. 

The  Natives  who  had  been  inoculated  subcutaneously  usually 
showed  a  moderate  local  reaction,  but  none  complained  of  subjective 
symptoms.  The  Native,  however,  is  not  usually  easily  disturbed  by 
anything  short  of  a  serious  illness,  and  will  often  protest  that  there 
is  nothing  amiss  with  him,  even  when  his  temperature  registers  10'3^F. 
The  general  reaction  may  be  said  to  l>e  usually  less  pronounced  than 
that    following   prophylactic    inoculation    for   Enteric   Fever. 

It  is  not  altogether  a  digression  to  record  here  that  I  have  given 
doses  of  2,500  and  5.000  millions  of  cocci,  intravenously  and  thrice 
repeated,  to  Native  patients  in  the  acute  stages  of  Lobar  Pneumonia. 
At  present  I  have  a  series  of  only  seven  such  cases,  all  of  "which  ended 
in  recovery,  but  I  do  not  in  the  least  desire  to  draw  any  conclusion 
from  this  small  number  as  to  the  efficiency  of  vaccine  in  the  treatment 
of  Lobar  Pneumonia.  The  two  points  of  special  interest  about  these 
seven  patients  were  that  they  elaborated  agglutinins  and  opsonins  for 
the  five  strains  inoculated,  and  that  no  serious  negative  phase  was 
developed.  The  latter  observation  may  perhaps  encourage  tlie  trial  of 
pneumococcal  vaccine,  adminiftered  in  effective  doses,  in  the  treatment 
of  Lobar  Pneumonia. 

Duration   of  Results  of  Inoculation. 

I  am  not  in  a  position  to  estimate  confidently  the  duration  of  the 
bluod-changes  produced  by  the  method  of  inoculation  advocated  in  this 
paper. 

It  appears  probable  that  some  degree  of  immunity  remains  after 
the  disappearance  of  agglutinins,  and  after  the  opsonins  have  returned 
to  the  normal  amount;  this  is  said  to  hold  in  anti-enteric  inoculation. 
The  slight  degree  of  immunity  which  was  conferred  upon  28,000 
Natives^^  by  a  single  and  altogether  inadequate  dose  of  composite 
vaccine  could  be  recognised  as  lasting  for  a  period  of  five  months;  in 
this  "Inoculation  Experiment"  the  immunity,  such  as  it  was,  must 
have  been  associated  with  alterations  in  the  serum  altogether  too  small 
to  be  detected  by  the  most  refined  laboratory  investigation. 

Six  months  have  now^  elapsed  since  my  own  inocualtion  and  my 
serum  still  contains  agglutinins  and  increased  amounts  of  opsonins 
for  various  groups  of  Pneumococcus.  My  serum  is,  however,  not  nearly 
so  rich  in  these  antibodies  as  was  the  case  four  months  after  the 
inoculations,   and  I  anticipate  that  at  the  end  of  seven  months  it  will 
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be  impossible  to  demonstrate  them.*  The  inocidations  which  I  received 
were,  however,  inadequate  as  regards  dosage;  all  tliose  individuals  who 
A^ere  subsequently  given  larger  doses  developed  in  their  sera  greater 
amounts  of  antibodies  than  in  my  own  case.  Insufficient  time  has 
elapsed  to  show  whether  the  characteristics  in  the  sera  of  these  other 
individuals  will  outlast  those  in  my  own;  it  is  probable  that  they  will. 
For  the  same  reason  I  cannot  yet  form  an  opinion  as  to  whether  the 
antibodies  elicited  by  the  large  subcutaneous  inoculations  are  more 
persistent  than  those  developed  in  response  to  a  much  smaller  intra- 
venous  inoculation. 

From  a  general  consideration  of  these  facts  I  conclude  that  some 
degree  of  immunity  will  be  apparent  for  at  least  a  year  after  adequate 
prophylactic  inoculation. 

Discussion. 

In  the  section  dealing  with  the  antibodies  which  serve  to  gauge 
immunity  response  I  have  recorded  the  opinions  of  a  number  of  workers 
who  attribute  a  very  imj^ortant  role  to  phagocytosis  and  agglutination 
in  the  mechanism  of  recovery  from  pneumococcal  infections;  in  my  own 
experience  quite  90%  of  pneumonic  patients  have  in  their  post-critical 
sera  the  antibodies  necessary  to  demonstrate  these  phenomena  in 
connection  with  the  Pneumooocci  responsible  for  their  infection.  If  it 
be  admitted  that  Pneumooocci  are  destroyed  in  the  pneumonic  patient 
largely  through  the  agency  of  these  two  antibodies,  it  seems  a  justifiable 
assumption  that  a  man  whose  serum  displays  these  same  characteristics 
as  a  result  of  prophjdactic  inoculation  will  be  able  to  resist  infection  b}- 
those  Pneumococci  which  are  immunilogicalh-  related  to  the  specifio 
group-antibodies  in  his  serum. 

It  is  often  pointed  out  that  a  j^atient  wlio  has  recovered  from  an 
attack  of  Lobar  Pneumonia  is  not  less,  but  more,  susceptible  to  a  second 
attack;  there  are  too  many  such  instances  recorded  to  leave  this  point 
in  doubt^"^,  and  it  is  therefore  argued  that  there  is  not  much  hope  for 
the  success   of   any  prophylactic   immunisation   of   man. 

Another  adverse  speculation  occasionally  advanced  is  that  Lobar 
Pneumonia  is  a  localised  disease,  and  that  the  successful  inmiunisation 
of  animals  against  Pneumococcal  Septicaemia  does  not  justify  the 
assumption  that  a  similar  immunisation  in  man  will  enable  him  to 
resist  Lobar  Pneumonia. 

To  deal  with  the  former  difficulty  first.  There  are  two  lines  of 
argument  that  have  a  bearing  upon  this  aspect  ;  they  are  distinct   from 

*  More  than  two  months  have  passed  since  this  expression  of  opinion 
wa.s  committed  to  writing;  I  find,  at  the  present  time  (October  28th) — 
eight  calendar  months  .since  my  last  inoculation — that  the  agglutinating 
power  of  my  scrum  is  not  demonstrably  less  than  was  the  case  at  the  end  of 
six  months.  It  seems  possible  tliat  a  stage  has  been  reached  at  which 
the  agglutinin-content  of  my  serum  will  remain  constant  for  a  further 
considerable  period. 
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each  other,  but  neither  of  them  need  prejudice  our  conception  of  the 
probable  efficacy  of  the  inununity  e:^tablished  by  prophyhictic 
inoculation. 

(1)  I  have  stated  in  a  previous  communication*:  "The  opsonins 
and  agglutinins  seem  to  disappear  from  the  freshly  drawn  serum 
at  the  end  of  a  few  weeks."  This  statement  referred  to  the  opsonins  and 
agglutinins  naturally  elicited  in  the  serum  of  a  pneumonic  patient  about 
the  time  of  his  crisis.  With  a  wider  experience  I  am  now  aware  that 
opsonins  and  agglutinins  elaborated  in  the  course  of  an  attack  of  Lobar 
Pneumonia  occasionally  persist  in  the  serum  of  the  patient  for  several 
months  after  recovery.  I  have  under  observation  at  the  present  time  a 
Native  whose  serum  opsonises  and  agglutinates  all  strains  belonging  to 
the  group  organism  "  C,"  a  strain  belonging  to  this  group  having  given 
rise  to  his  attack  of  Lobar  Pneumonia  more  than  four  months  ago. 
Notwithstanding  the  occurrence  of  these  exceptional  cases,  it  may  be 
stated  generally  that  the  presence  of  these  two  antibodies  in  the  sera  of 
pneumonic  patients  can  be  demonstrated,  in  the  great  majority  of  cases, 
for  a  very  brief  period  only.  More  recently,  Chickering^^  investigated 
the  serum  in  forty  cases  of  Pneumonia.  In  30  of  these  cases  agglutinins 
were  present  in  the  serum  at  about  the  time  of  the  crisis ;  in  one  case 
agglutinins  persisted  for  81  days;  in  four  others  for  one  day  only;  whilst 
in  the  remaining  25  the  longest  duration  of  agglutinating  power  was 
twenty  days  and  the  average  duration  Avas  but  seven  days.  The  short- 
lived duration  of  these  "  infection  "  antibodies  stands  in  very  marked 
contrast  to  the  persistent  duration  of  the  antibodies  elaborated  in  the 
serum  of  the  rabbit  and  man  in  response  to  lorophylactic  inoculation 
7cifh  pneumococcal  vaccine;  and  I  have  observed  that  they  persist  for  a 
longer  period  in  man  than  in  the  rabbit.  My  own  case  has  already 
been  referred  to,  and  I  have  noted  the  presence  of  agglutinins  in  my  serum 
eight  months  after  inoculation,  together  with  the  prospect  of  their 
persisting  still  longer.  Similar  investigations  carried  out  with  the 
serum  of  both  the  rabbit  and  man  indicate  that  this  persistence  of 
agglutinins  is  the  rule  rather  than  the  exception,  more  particularly  in 
the  case  of  man.  It  will  now  be  apparent  that  the  antibodies  established 
b}-  an  attack  of  Lobar  Pneumonia  differ  very  essentially  as  regards  their 
persistence  from  those  induced  by  inoculation.  May  it  not  then  be  a 
reasonable  assumption  that  second  attacks  of  Lobar  Pneumonia  supervene 
in  those  individuals  from  whose  serum  the  antibodies  have  rapidly 
disapj^eared  ? 

It  is  interesting  to  speculate  upon  the  cause  of  this  somewhat  sudden 
disappearance  of  these  "  infection  "  agglutinins  in  many  cases  of  Lobar 
Pneumonia.  I  suggest  that  the  phenomenon  may  be  due  to  a  using  up 
of  the  opsonins  and  agglutinins  by  the  vast  number  of  Pneumococci 
which  must  be  present  in  a  disease  which  is  frequently  associated  with 
such  a  massive  lesion.  It  is  to  be  remembered  that  in  cases  of  Lobar 
Pneumonia  the  serum  of  the  patient  has  in  many  instances  reached  its 
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highest  agglutinating  titre  shortly  after  the  crisis,  and  that  this  event 
may  occur  only  three  or  four  days  after  the  initial  rigor;  in  such 
circumstances  the  tissues  of  the  patient  have  made  their  maximal 
response,  and  if  all  the  antibodies  generated  are  absorbed  by  the  cocci 
still  present  in  the  tissues  immunity  can  be  but  brief.  The  tissues  may, 
for  the  time,  be  unable  to  elaborate  further  antibodies  to  the  residual 
Pneumococci,  or  the  protein  of  these  residual  organisms  may  liave  under- 
gone some  alteration  depriving  it  of  its  antigenic  qualities. 

(2)  The  second  line  of  argument  respecting  second  attacks  of  Lobar 
Pneumonia  is  concerned  with  the  specific  immunity  associated  with  the 
various  gi-oups  of  Pneumococci ;  and  in  this  connection  it  is  of  interest  to 
note  that  an  instance  of  a  second  attack  of  Lobar  Pneumonia  has  been 
bacteriologically  investigated  by  Mathers^^,  he  states — "  In  this  case 
there  wei-e  two  different  pneumococcus  infections  caused  by  organisms 
with  different  biologic  reactions,  the  first  infection  was  caused 
by  an  organism  Avith  the  biologic  characteristics  of  Group  1.; 
the  terminal  infection  was  caused  b}-  a  member  of  the  Jieterologous 
group."  In  discussing  the  case  he  further  says — "Is  such  an  occuri'ence 
a  new  infection  by  a  different  organism,  or  a  variation  of  the  organism 
causing  the  first  infection  1  Or  may  it  be  a  latent  process  activated  by 
the  debilitating  effects  of  the  first  attack?"  He  inclines  to  the  second 
explanation  and  considers  that  this  was,  in  otlier  words,  an  instance  of 
mutation.  Although  I  think  that  the  arguments  against  this  explanation 
outweigh  those  in  favour  of  it,  yet  the  facts  stated  clearly  show,  that  in 
this  case  a  second  attack  of  Lobar  Pneumonia  was  associated  with  a 
Pneumococcus  differing  entirely  in  its  biologic  characteristics  from  the 
one  responsible  for  the  first  attack.  This  incidentally  illustrates  how  the 
scope  of  investigation  has  been  extended  by  the  classification  of 
Pneumococci ;  the  application  of  the  principal  to  the  problem  of  second 
attacks,  which  has  now  been  recorded  for  the  first  time,  casts  doubt  upon 
the  hypothesis,  hitherto  accepted,  that  they  necessarily  arise  through  a 
breaking  down  of  the  immunity  estaljlislied  by  the  first  attack. 

An  experience  of  my  own,  whilst  not  affording  quite  such  positive 
evidence,  was  as  follows  : — I  obtained  by  lung-puncture,  from  a  Native 
pneumonic  j^atient,  a  culture  of  Pneumococcus,  and  identified  it  by 
means  of  stock  sera  as  belonging  to  my  Group  "  C."  The  post-critical 
.serum  of  this  patient  subsequently  agglutinated  not  only  this  strain 
but  also,  though  to  a  less  degree,  members  of  Group  "A."  A  post- 
critical  S'Brum  capable  of  agglutinating  Pneumococci  of  a  group  other 
than  the  one  causing  the  infection  had  never  previously  come  within 
my  experience,  nor  has  it  since,  with  the  exception  of  those  seven  oases 
of  Lobar  Pneumonia  previously  referred  to  and  which  received  large 
intravenou.s  inoculations  of  a  polyvalent  group-vaccine.  Upon  enquiry, 
this  Native  stated  that  he  had  an  attack  of  some  chest  disease,  whilst 
resting  at  his  kraal,  similar  to  that  he  was  now  suffering  from,  and 
that  as  soon  as  he  recovered  he  came  up  to  the  mines  where  he  had 
been   resident  one  month.        It  seems  to   7no  liighly   probable  that  this 


F.  S.  Lister  283 

Native,  whilst  at  his  kraal,  had  suffered  from  Pneumonia  due  to 
Pneumococcus  Group  "A,"  and  that  about  two  months  later  he  had  a 
second  attack  due  to  Pneumococcus  Group  "  C."  We  need  not  then  be 
discouraged  by  the  hypothesis  which  seeks  to  explain  these  second  attacks 
by  a  failure  of  the  immunity  Cistablished  by  the  first;  their  occurrence 
may  be  capable  of  a  more  probable  explanation,  an  explanation  based 
upon  experimental  investigation  and  more  in  keeping  with  ascertained 
facts  concerning  immunity  in  general. 

Now  as   regards  the  .speculation  that  an   immunity   similar  to  that 
which     protects     a     rabbit     from     Pneumococcal     Septicaemia     will     not 
necessarily  protect  a  man  from  Lobar  Pneumonia — ^It  is  to  be  remarked 
that   in  the  majority,   if  not   in  all,  cases  of  Lobar   Pneumonia  in  man 
there  co-exists  at  some  stage  of  the  disease  a  blood-infection,    and  that 
in  the  majority  of  cases  man's  natural  immunity  overcomes  this  septi- 
caemia.     In  the  rabbit,   however,    it   is   extremely   rare   for   recovery  to 
ensue  after   invasion  of  the  blood-stream  by   Pneumococci   belonging  to 
the  disease-producing  groups  in  man.     Man  has  therefore — and  this  is 
generally  conceded — a   greater   natural   resistance  to   the   Pneumococcus 
than   is  possessed  by  the  rabbit,   and  it   is  this   fact  which   is  probably 
responsible  for  the  phenomenon  of  pulmonary  localisation  of  the  disease 
in   man.      We  know   that    a  contact   may   harbour   in   his   pharynx   the 
disease-producing  types  of  Pneumococcus,  and  that  these  may  disappear 
without  having  given  rise  to  Pneumonia.-"     Similarly,  the  Pneumococci 
which  have  caused  Pneumonia  persist  for   a  time  in  the  pharynx  of   a 
patient  who  has   recovered,    disappearing   at  varying   periods   after  the 
crisis-**    owing   probably   to   the  presence   of    immune   substances   in  the 
blood  of  such   patient.      But  little  is   definitely  known   as  to  the  route 
by  which    the    Pneumococcus   gains   entrance   into    the   lung,    yet    it    is 
hardly   credible   that   natural   infection    in    man   consists    in    his   being 
suddenly  submitted  to    an   overwhelming    dose  of   Pneumococci,    a    dose 
comparable  in  magnitude  with  that  which  is  purposely  inoculated  into 
a   rabbit    in    the   course   of    a   protection    experiment.       It    seems    more 
reasonable  to  assume  that  in  man  a  small  numloer  of  Pneumococci  gain 
entrance  to   the  circulation,    and  only  give   rise  to   Pneumonia    if  they 
survive  a  stubborn  struggle  for  existence;  the  issue  of  the  conflict  is  in 
doubt  right  up  to  the  end,  and  frequently  culminates  in  the  destruction 
of  the  Pneumococcus   before   it   has   brought   about   a  gross   pulmonary 
lesion  and  thus  literally  consolidated  its  position  in  the  body. 

From  these  considerations  it  appears  to  me  probable  that  the 
inoculated  rabbit,  in  overcoming  the  otherwise  inevitably  lethal  dose 
which  has  been  administered  for  the  purpose  of  a  protection  test,  has  a 
more  difficult  task  than  the  inoculated  man  who  receives  a  natural 
infection  ;  the  latter  is  called  upon  to  destroy  only  those  few  Pneumo- 
cocci which  gain  access  to  his  circulation  by  natural  means,  and  he  very 
frequently  succeeds  even  when  he  has  not  been  inoculated.  In  the  man 
the  production  of  Lobar  Pneumonia  by  the  invaders  is  not  an  inevitable 
event,  even  if  he  be  uninoculated,  but  only  a  possibility. 
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The  mere  question  of  the  localisation  of  the  disease  in  the  human 
lung  cannot  therefore,  I  think,  l>e  a  serious  objection;  if  the  prophylactic 
inoculation  acts  successfully  the  battle  will  be  decided  long  before 
hepatisation  can  ensue  and  render  the  oocci  inaccessible  to  the  action  of 
the  antibodies  of  the  blood;  if  tlie  prophylactic  inoculation  fails  it  will 
not  be  on  account  of  the  pulmonary  lesion  having  been  established. 

It  has  l3een  admitted  that  the  incidence  of  Lobar  Pneumonia  amongst 
the  very  large  groups  of  inoculated  Native  labourers  on  the  Rand  has 
shown  a  diminution  as  compared  with  the  control  groups^^.  Calculations 
made  from  the  results  of  the  last  experiment*  on  the  Rand^*  set  down 
the  diminution  at  about  25%,  over  a  period  of  five  months,  in  favour 
of  the  inoculated.  The  procedure  adopted  in  this  experiment  consisted 
in  one  subcutaneous  injection  of  2,000  (two  thousand)  million  cocci 
comprising  five  groups.  Such  a  dose  does  not  give  rise  to  either 
agglutinins  or  opsonins  demonstrable  by  the  technique  employed  by  me; 
the  degree  of  protection  conferred  by  this  procedure  appears  nevertheless 
to  have  been  statistically  quite  appreciable. 

With  the  method  of  inoculation  now  devi.sed — one  which  ensures 
the  formation  of  both  agglutinins  and  op.sonins  in  su]>stantial  and 
recognisable  amounts  in  the  sera  of  the  inoculated — I  anticipate  results 
far  better  tlian  those  obtained  in  previous   "Inoculation  Experiments." 

In  the  system  hitlierto  emiDloyed  on  the  Rand  for  assajdng  the  results 
of  prophylactic  inoculation  against  the  Pneumococcus  a  certain  advantage 
conferred  upon  the  uninoculated  has,  I  think,  been  overlooked.  If 
Pneumonia  is  spread,  as  I  believe  it  to  be,  either  directly  from  case  to 
case  or  through  the  agency  of  carriers  it  follows  that  the  inoculation  of 
half  the  inhabitants  of  a  Native  comjDound  may  interrupt  the  chain, 
not  only  of  actual  jDneumonic  patients,  .but  also  of  carriers;  if  the 
inoculation  achieves  tliis  it  is  obvious  that  the  iminoculated  lialf  of  the 
jr'opulation  will  reap  an  advantage  which  is  not  allowed  for  in  the 
calculations. 

If  the  problem  to  be  studied  had  been  the  immunisation  of  rabbits 
against  jsneumococcal  infection  one  might  say  that  it  has  been  satis- 
factorily solved  and  the  I'esults  put  to  a  crucial  test.  I  have  shown  that 
suitable  inoculation  will  give  rise  in  man  to  those  anti]x>dies  whicli 
appear  to  be  mainh'  responsible  for  the  immunity  which  can  be 
e.stablished  in  the  rabbit.  Dictates  of  humanity  preclude  the  application 
of  a  crucial  test  to  men  who  have  been  inoculated ;  it  maj'  nevertheless  be 
reasonably  anticipated  that  the  resistance  of  an  inoculated  man  to  a 
natural  infection  by  the  Pneumococcus  will  be  as  satisfactory  as  that  of 
the  inoculated  rabbit  to  an  artificial  infection — owing  to  the  presence  in 
his  serum  of  the  same  demonstrable  antibodies. 


*  In  this  experiment  approximately  2S,000  Natives  werf-  inoculated,  and 
a  similar  number  woi'o  used  as  controls. 
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It  is  obviously  of  first  importance  that  a  suitable  experiment  should 
be  organised  to  put  this  anticipation  to  the  test.  This  can  only  be  done 
by  inoculating  a  group  of  individuals  "at  risk"  and  recording  the 
subsequent  incidence  of  Pneumonia  amongst  them.  In  such  an  experi- 
ment it  will  be  necessary  to  ascertain  whether  cases  of  Pneumonia  which 
may  arise  amongst  the  inoculated  are  or  are  not  due  to  organisms 
belonging  to  the  groups  comprising  the  vaccine;  it  would  be  manifestly 
illogical  to  expect  protection  against  any  group  of  Pneumococcus  of  the 
Lobar-Pneumonia-producing  type  which  was  not  represented  in  the 
vaccine  used. 

In  concluding  this  record  it  is  but  right  that  I  should  specially 
mention  the  names  of  some  of  those  to  whom  I  am  indebted  for 
assistance.  The  Director  of  the  Institute,  Dr.  W.  Watkins-Pitchford, 
has  not  only  placed  all  possible  facilities  at  my  disposal  but  has  followed 
the  details  of  the  work  with  close  personal  interest;  he  has  made  manv 
suggestions  and  has  extended  a  very  helpful  encouragement  throughout. 

Dr.  G.  A.  Turner  has  assisted  by  securing  a  number  of  Natives  for 
inoculation  and  observation,  and  many  Mine  Medical  Officers  have 
extended  valuable  co-operation  by  supplying  material  and  enabling  me 
to  obtain  cultures. 

Miss  Alice  G.  Lambert,  my  Laboratory  Assistant,  has  helped  me 
throughout  the  whole  investigation.  The  reliability  and  accuracy  of 
her  work,  and  her  loyal  devotion  to  her  duties,  are  deserving  of  high 
commendation. 

Mr.  A.  W.  Hall,  superintendent  of  the  Bantjes  Gold  Mine  Native 
Hospital,  has  given  me  valued  assistance  in  connection  with  the 
inoculation  of  Natives  and  the  collection  of  specimens. 


Conclusions. 

1.  More  than  sixt}-  per  cent,  of  the  cases  of  Lobar  Pneumonia 
amongst  Natives  on  the  Rand  are  associated  with  but  two,  though  not 
always  the  same  two,  groups  of  Pneumococcus.  Group  "A"  is  con- 
stantly the  most  prevalent,  the  second  position  is  occupied  sometimes 
by  Group   "  B,"   at  others  by  Group   "  C." 

2.  There  are  at  least  four  groups  of  Pneumococcus  on  the  Rand 
which  are  additional  to  those  recognised  by  Dochez  and  Gillespie  in 
America. 

3.  Immunilogical  i-eactions  associated  with  these  various  groups 
are  specific  for  each  group. 

4.  Normal  rabbit  or  normal  human  serum  is  incapable  of 
agglutinating  virulent  Pneumococci  derived  from  cases  of  Lobar  Pneu- 
monia, even   under  the  most  favourable  test  conditions. 
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5.  Agglutinins  and  oijsonins  are  readily  produced  and  easily 
demonstrated  in  the  blood  of  rabbits  and  men  subsequent  to  inoculation 
with  suitable  doses  of  killed  Pneumooocci. 

G.  The  method  employed  by  Sir  Alniroth  Wright  in  his  opsonic 
teclmique,  provided  that  the  volumes  of  serum  are  varied,  is  sufficiently 
practical  and  accurate  for  following  the  progress  of  pneumococcal 
immunisation. 

7.  Very  much  smaller  doses  of  killed  Pncumocoeci  will  elicit  the 
formation  of  agglutinins  and  opsonins,  both  in  rabbit  and  man,  when 
the  inoculum  is  injected  into  a  vein  than  when  subcutaneous  inoculation 
is  employed. 

8.  Killed  pneumococcal  vaccines  have  very  slight  toxicity;  sub- 
cutaneous inoculation  of  forty  thousand  million  cocci  usually  caus&s 
little  reaction  in  either  the  guinea-pig,  rabbit,  or  man.  Intravenous 
inoculation  of  twenty  thousand  million  cocci  in  the  rabbit,  and  forty 
thousand  million  cocci  in  man,  liave  given  rise  to  but  very  slight 
reactions. 

9.  Antibody-formation  is  greatly  increased  after  a  second  inocula- 
tion and  rises  to  a  still  higher  degree  after  a  third  inoculation. 

10.  Rabbits  inoculated  three  times  with  killed  pneumococcal  vaccine, 
in  isuitable  doses,  and  having  agglutinins  and  opsonins  demonstrable  in 
their  sera,  are  resistant  to  at  least  eight  times  the  lethal  dose  of  living 
Pneumococcus    (homologous  group)   when    inoculated   subcutaneously. 

11.  Agglutinins  and  opsonins  are  intimately  concerned  in  the 
mechanism  of  resistance  against  pneumococcal   infections. 

12.  Pneumococcal  vaccinas  prepared  from  glucose-serum-broth 
cultui-es  are  less  satisfactory  antigens  in  the  rabbit  than  in  man. 

13.  Pneumooocci  that  have  sedimented  in  a  dO-hour  old  glucose- 
serum-broth  culture  are  devoid  of  antigenic  properties  botli  for  rabbit 
and  man. 

14.  For  prophylactic  purposes  in  man  the  subcutaneous  method 
should  be  adopted.  Three  inoculations,  at  seven  days'  interval,  should 
l>e  employed;  each  dose  should  consist  of  6,000  (six  thousand)  million 
cocci  of  each  group  against  which  immunity  is  desired. 

15.  Three  intravenous  inoculations  of  ^Jn^^^^iri^o^^occal  vaccine  have 
been  given  in  each  of  seven  cases  of  Lobar  Pneumonia  during  the  acute 
stage.  The  treatment  has  not  given  rise  to  any  clinically  recognisable 
negative  phase;  all  the  patients  recovered  and  were  found  to  have 
elaborated  antibodies  to  the  strains  which  compi'ised  the  vaccine. 


JgHANjVESBUKO, 

October  1,   191G, 
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BACTERIOLOGICAL  NOTES  c\:-    OBSERVATIONS. 
By  a.  R.  Friel  and  F.  S.  Lister. 

These  investigations  were  in  progress  during  11)13,  when  Dr. 
Friel,  answering  the  call  of  patriotism,  abandoned  the  work  before 
our  observations  could  be  amplified  or  conclusive  results  arrived  at. 

An  increased  amount  of  interest  is  now  being  shown  in  the 
changes  which  can  be  brought  about  in  micro-organisms  by  exposing 
them  to  the  influence  of  immune  serum.  Laura  ]\I.  Stryker^  has 
published  certain  experimental  results  which  confirm  the  observations 
previously  published  by  one  of  us  (A.K.F.)-,  and  it  is  thought  that 
the  following  brief  record,  though  of  admittedly  incompleted  studies, 
may  prove  of  interest  to  those  engaged  on  similar  lines  of  investigation. 

I. 

A  Xofr  on  flir  Effect  produced  on  ihc  Opsonic  Property  of  immune 
(i)id  nornidl  Seritni  by  fiie  dddition  of  Serum  containing  tlic 
Products  of  auto] ysed  Bacteria. 

In  the  carrying  out  of  this  work  it  was  necessary  to  prepare 
immvuie  sera,  and  to  determine  their  efHciency  by  means  of 
agglutination  and  opsonic  tests.  These  tests  were  made  by  means  of 
phagocytic  mixtures,  and  as  they  were  required  to  afford  only 
approximate  indications,  their  exact  quantitative  details  were  not 
elaborated. 

With  regard  to  such  tests,  it  is  to  be  remarked  that  they  deal 
with  certain  of  the  properties  of  serum  which  are  developed  in  response 
to  the  inoculation  of  bacteria  in  their  entirety  rather  than  with  any 
])roperty  which  might  arise  from  the  inoculation  of  toxin  or  other 
soluble  product  of  bacterial  action  or  lysis. 

It  is  conceivable  that  when  an  animal  receives  an  injection  of 
bacteria  the  first  event  is  an  anchoring  and  gradual  dissolution  of  the 
bacterial  bodies,  and  that  the  later  efforts  of  the  tissues  are  directed 
to  elaborating  substances  which  will  neutralise  the  products  of  the 
dissolved  bacteria.  Agglutination  and  opsonic  tests  furnish  an 
indication  of  the  ability  of  the  organism  to  affect  bacteria  in  their 
entirety,  but  do  not  necessarily  demonstrate  its  power  to  deal  with 
the  bacterial  products  in  solution.  In  seeking  for  some  index  of  this 
latter  power,  use  was  made  of  the  serum  of  animals  which  had  received 
several  injections  of  a  strain  of  B.  coli  conimmiis,  because  the  serum 
of  these  animals  produced  lysis  of  the  organism. 

A  Wright's  capsule  was  filled  with  the  immune  rabbit's  blood, 
obtained  by  puncturing  a  vessel  in  the  ear  with  a  needle.  When  the 
blood  had  clotted  the  serum  was  pipetted  off,  and  a  considerable  amount 
of  a  young  agar  cultiu-e  of  the  antigen  strain  of  B.  coli  commimis  was 
suspended  in  it.  The  mixture  was  allowed  to  remain  in  the  incubator 
at  37°  for  four  or  five  hours ;  the  tube  was  then  centrifugalised  and  the 
supernatant  serum  separated  from  the  bacterial  deposit.  This  super- 
natant   serum — which,    for    shortness,    we    shall    now    call    "L.B.S." 
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(lysed  baetei'ial  senuu) — contained  tlio  soluble  substances  wliieli 
resulted  from  the  lysis  of  the  bacterial  bodies. 

We  now  endeavoiu'ed  to  ascertain  the  effect,  if  any,  of  the  use 
of  this  L.B.S.  in  phagocytic  mixtures  containing  respectively  {a) 
normal  serum,  (h)  immune  serum,  and  (r)  no  serum  other  than  the 
L.B.S. 

When  carmine  particles  were  used  to  indicate  the  relative  amount 
of  phagocytosis  in  the  various  phagocytic  mixtures  it  was  found  that 
both  in  "  a  "  and  in  "  b  "  ("a  "  =  L.B.S.  +  normal  serum  +  corpuscles 
+  carmine,  and  "  b  "  =  L.  ]^).S.  +  immune  serum — i.e.,  rabbit  "  colon  " 

serum f- corpuscles  +  carmine)    practically   no   ])liagocytosis  occiu'red  ; 

whereas  in  "c"  (  =  L.B.S.  +  saline  +  corpuscles +  carmine)  a  fair 
amount  of  phagocytosis  was  observed. 

The  suspension  of  carmine  which  we  employed  proved  unsatis- 
factory; the  particles  varied  greatly  both  in  size  and  outline,  and  the 
material,  moreover,  was  found  to  be  capable  of  being  phagocyted  by 
corpuscles  in  a  medium  of  normal  saline  alone.  Furthermore,  it  was 
often  impossible  to  decide  whether  a  particle  under  observation  was 
single  or  was  an  aggregation  of  several  smaller  particles.  For  these 
reasons  it  became  obvious  that  no  reliance  could  be  placed  upon  the 
results  of  phagocytic  emnnerations  when  carmine  was  employed  ;  the 
broad  difference  noted  above  had  been,  however,  definitely  established 
by  its  use. 

In  consequence  of  these  shortcomings  with  suspensions  of  carmine, 
we  decided  to  employ  suspensions  of  the  Micrococcus  pyogenes  aureus. 
■Many  tests  were  made  on  these  lines,  and  it  was  found  (1)  that  there 
was  no  evidence  of  morphological  change  in  the  \\hite  l)lood  cells*  as 
a  result  of  the  action  of  L.B.S.,  (2)  that  the  phagocytic  count  was 
rcdnred  by  the  addition  of  L.B.S.,  and  (3)  that  this  reduction  was 
very  mai'ls'ed  in  tlie  presence  of  "  immune  serum." 


TABLF  T. 

f)p.s())iic    rfi'ccf   of   iKiriudl   .st;w/;j/,    iiitiiiiiiir    Kiriim.   tttid   L.B.S. 

rc.^l)rctirrl  }j. 


Constituents  of  Plia<jocytic  Mixture. 
(Incubated  together  for  1  liour  at  37   C.) 

Added  and 
incubated 
for 
'i   hour. 

Cocci 
in  25 

Leuco- 
cytes. 

a. 
b. 
c. 

1  vol.  saline   +  2  vols,  normal  serum 
(A.R.F.)  +  corps. 

1  vol.  saline  +  2  vols,   imnume   serum 
(rabbit)  -|-  corps 

2.  vols,  saliue  -f  1  vol.  L.B.S.  +  corps 

1  vol. 
enmlsion 
of  ^I.p.a. 

7'i 
3.") 
41 

"■    Tlie    corjjusflc^s    u.scd    througliout    nil    tliese    experiments    were    tlio.se    of 
luman    (European)    blood. 
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\Mien  the  saline  in  "  a  "'  and  "  b  "'  was  replaced  with  similar 
volumes  of  L.B.S.  the  counts  were,  respectively,  51  and  19;  that  is 
to  say,  phagocytosis  was  markedly  reduced,  more  particularly  in  the 
presence  of  immune  serum.      Tliis  is  shown  in  the  following  table:- — 

TABLE   II. 

Opsonic   effect   irJirii   L.B.S.  is  tiubstituted  for   itonnal  mJinc. 


Adcled  and 

Cocci 

Constituents  of  Phagocytic  Mixture. 

incubated 

in  '25 

(Incubated  together  for  1  hour  at  37   C.) 

for 

Leuco- 

1 hour. 

cytes. 

a. 

1  vol.   L.B.S.  +  2  vols,  normal  serum 

1  vol. 

(A.R.F.)  +  corps 

emulsion 

of  M.p.a. 

.51 

b. 

1  vol   L.B  S.  +  2  vols,  immune  serum 

(rabbit)  +  corps 

" 

19 

Despite  the  result  recorded  in  Table  I.,  it  is  to  be  remarked  that 
the  capacity  of  the  L.B.S.,  by  itself,  to  opsonise  the  Micrococcus 
varied  considerably :  sometimes  it  was  fairly  marked  and  sometimes 
almost  absent. 

The  immune  serum  employed  was,  as  already  stated,  that  of  a 
rabbit  immunised  with  a  strain  of  B.  coli  communis. 

These  experiments  were  subsequently  repeated  on  many  occasions, 
and  although  the  capacity  of  L.B.S.  to  inhibit  phagocytosis  was  not 
always  of  the  same  degree,  it  was  nevertheless  quite  apparent  on 
every  occasion. 

The  following  records  of  actual  experiments  exemplify  the  findings 
usually  obtained  in  these  subsequent  observations.  The  opsonic  power 
of  the  immune  B.  coli  and  normal  rabbits'  sera  towards  Micrococcus 
pyogenes  aureus  was  again  first  ascertained,  as  follows:  — 

TABLE  III. 


Constituents  of  Phagocytic  Mixture. 
(Incubated  \  hour  at  37'  C  ) 


1  vol.  Immune  Rabbit's  serum  +  1  vol.  corps.  +  1  vol.  cocci 
1  vol.  Normal  ..  ,.       -f-  1  vol.       .,      -f  1  vol.     ., 


Cocci  in  2o 
Leucocytes. 


6.) 
82 


In  the  expeiiment  recorded  in  Table  IV.  varying  volumes  of 
immune  (B.  coli)  or  of  normal  rabbit's  serum  were  severally  mixed 
with  1  vol.  of  L.B.S.  and  were  incubated  for  one  hour  at  37°C.  ; 
phagocytic  mixtures  were  next  prepared,  the  constituents  of  which, 
in  eacla  case,  were — 1  volume  of  these  incubated  L.B. S.  + serum 
mixtures,   1  volume  of  corpuscles,  and  1  volume  of  cocci. 
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TABLE  IV. 


Cocci 

I-nrubatod  1  lir. 

Constituonts    of    Pbagorytie    ^fixture 

in  25 

at  37 '^C. 

(Incubated  quartei'  nf  an  liour  at  S~~Q\). 

Leuco- 

' 

cytes. 



1 

vol.   L.B.S.i 

j'l   vol.   preeedO 

--f  1   vol.  corps.  +  1  ^ol.  cocci 
[iiig     mixture.  ) 

1 

+ 
vol.         T.S. 

27 

ll 

|1 

vol.   L.Ji.S.i 
+              1 

jl  vol.  j^reced-l 

-  + 1  vol.      ,,       +  ]  vol.     ,, 
[ing     mixture,  j 

1 

1 

k; 

vol.       N.S.J 

1 

vo].   L.B.S.] 
vols.'      T.S.J 

jl   ^ol.   preced-'j 

:5 

-  +  1  vol.  cor])S.  -r  1  vol.  cocci 

.'50 

|2 

1  iug     mixture.  | 

(1 
1 

vol.   L.R.S.] 
vols.      N.S.J 

[l   vol.   preced- 1 

-  +  ]   vol.      ,,       +1  vol.     ,, 

4 

.18 

12 

ling     mixture.  I 

|1 

vol.  T..B.S.| 

n    ^ol.   pi-eced-] 

--+  1  vol.  corps.  +  1  \ol.  cocci 

.') 

1 

+             , 

];] 

|3 

vols.       T.S.I 

1  iug     mixture.  ) 

[1 

vol.   L.B.S.j 

[l   vol.   pi'eced-| 

-  ^1  vol.      ,,       +1  vol.     ,, 

(■) 

1 
1 

+              1 

r.2 

1:^ 

vols.      N.S.j 

1  ing     mixtiu'e.  j 

,1 

vol.  L.B.S.^ 

M    vol.    pirccd-  1 

■  i-  1    \o].  cor]^s.  ^  1    \ol.  cocci 

7 

1 

10 

I'i 

vols.       T.S.I 

1  ii;g     mixture.  | 

|i 

vol.   B.P..S.1 

I  1   \ol.   preced-1 

+  1  vol.      ,,       +1  vol.     ., 

S 

1 

1 

+              1 

31) 

Ir, 

vols.       X.S.I 

1  iiig     mixture.  1 

(L.B.S.  =lysed  bacterial  serum.  I.S.  =  immune  rabbit's  serum. 
N.S.=normal  rabbit's  serum.  Corps.  =  corpuscles  derived  from 
F.S.Ij.    Cocci  =  Micrococcus   pyogenes   Aui-eus. ) 

In  the  experiment  recorded  in  Table  V.  a  control  was  ari-anged, 
viz.,  the  addition  of  1  volume  of  normal  saline  to  varying  volumes 
of  sera  ;  the  conditions  as  regards  incubation  and  volumes  used  in  the 
phagocytic  mixtiu-es  were  the  same  as  in  the  preceding  experiment. 
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Iricubatod  1  hr 
at   37   C. 


j'l  vol.  L.B.S.j 

|l  vol.  1.8.) 

n  vol.  L.B.S/j 

ll  vol.  X.S.j 

j  1  vol.  .-valine] 

[l  vol.  I.S.j 

j  1  vol.  saline] 


ilv 


ol.       X.S 


Constituents   of   Phagocytic    Mixture 
(Incubatocl  quarter  of  an  hour  at  37^C.). 


I     Cocci 
in  2o 

liOUCO- 

i    cytes. 


j  1  vol.   preced-|  ; 

+  1  \ol.  corps.  ~  1  vol.  cocci 
I  ing     mixture.  ) 

j  1  vol.   preced-  I 


I  ing     mixture.  I 
j  1  vol.   preced-  I 

[ing     mixture.] 
j  1  vol.  preced- 1 


10 
]] 
12 


ri  vol.  L.B.S.] 

(.3  vols^     I.S.j 

I'l  vol.   L.B.S.] 

is  vols.'     X.S.J 

j'l  vol.      saline! 

13  vols^      I.S.j 

j  1  vol.      saline] 

[.3  vols.'     X.S.J 


mg    mixture 


+  1  vol. 


1  vol, 


^•1  vol. 


+  1  vol. 


1  vol, 


1  vol. 


ri  vol.  L.B.S.) 

[ij  vols.       I.S.) 

(1  vol.   L.B.S.] 

|(3  vols.      X.S.J 

j  1  vol.     saline] 

[g  vols.'       I.S.J 

j  1  vol.     saline  | 

lo  vols.      X.S.I 


j'l  \ol.  preced-] 

-  r  1  vol.  corps.  -  1  vol.  cocci 

I  ing     mixture.  | 

j'l  vol.  preced- 1 

J-  +  1  vol .      , ,       +1  vol .     . . 
[ing     mixture.  I 

I I  vol.   preced- 1 


+  1  vol. 


[ing     mixture.  ' 
1  vol.   preced- 1 

) 


l.„ 


+ 1  vol. 


+  1  vol. 


-I- 1  vol. 


J?     mixture. 


(1  vol.   preced-"! 

+  1  vol.  cor})s.  —  1  vol.  cocci 
[ing     mixture.  ) 

j'l  vol.   preced-] 


+  1  vol. 


[ing     mixture.  | 

{1  vol.  preced-] 
ing     mixture.,' 
j'l   vol.   preced-  j 

i  +  1  V 


Uig 


nuxture. 


+  1  \o\. 


ol. 


]   \ol 


-  1  vol. 


1  vol. 


10 


41 


01 


3.3 


m 


28 


12 


52 


Marked   agglutination   ot   tlie  cocci   was   also   present. 
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An  experiment  on  similar  lines — but  in  which  we  took  certain 
precautions  in  order  to  eliminate  as  far  as  possible  any  unconscious 
bias — afforded  the  results  detailed  in  Table  VI.  The  method  adopted 
in  this  experiment  was  to  have  each  slide  lettered  by  a  third  person, 
who  kept  a  key  to  the  corresponding  experimental  number  of  the 
slide,  and  this  latter  was  not  disclosed  until  the  counting  had  been 
completed.  Further,  in  this  instance,  50  leucocytes  were  counted  in 
every  slide  by  each  of  us,  and  the  mean  of  the  two  counts  was  taken 
as  the  result  to  be  recorded. 

Five  mixtures  were  prepared,  each  of  which  contained  one  volume 
of  L.B.S.  and  three  volumes  of  serum — the  three  volumes  of  serum 
being  derived  from  B.  coli-immune  rabbits  Nos.  "0,"  "  10,"  "  12," 
and  "  14,"  and  from  a  normal  rabbit,  respectively.  These  five 
mixtures  were  then  incubated  at  37°C.  for  one  hour.  One  volume  of 
each  of  these  incubated  mixtures,  together  with  one  volume  of 
corpuscles  and  one  volume  of  cocci,  constituted  one  of  a  set  of  five 
phagocytic  mixtures  which  demonstrated  the  influence  of  the  L.B.S.  ; 
whilst  one  volume  of  the  serum  of  each  corresponding  rabbit,  together 
with  one  volume  of  corpuscles  and  one  volume  of  cocci  constituted  one 
of  a  set  of  five  other  phagocytic  mixtures  which  showed  the  ordinary 
opsonising  power  of  the  same  sera.  An  estimation  of  the  opsonic 
power  of  L.B.S.  alone  towards  Micrococcus  pyogenes  aureus  was  first 
made,  as  follows:  — 


Constituents  of  Phagocytic  Mixture. 
(Incubated  I  hr.  at  37"  C.) 

Cocci 

in  50 

Leucocytes. 

1  vol   L.B.S.  +  1  vol.  corps,  -f  1  vol.  cocci 

64 
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The  results  of  the  experiment  carried  out  on  the  lines  described 
were  as  follows:  — 


TABLE  VI. 


Constituents   of   Phagocytic   Mixture, 
(lucubated  ^  hr.  at  37'  C.) 

Cocci 

in  50 

Leucocytes. 

1 

2 

1  vol.  (L.B.S.  +    serum  Rabbit    "0")      +  1  vol.  corps  +  1  vol.  cocci 
1   vol.  serum   alone   Rabbit    "0"                +  1  vol.      ..      +1  vol.      ,, 

1.30 
300 

3 
4 

1  vol.  (L.B  S.  +  serum  Rabbit  "10")           +  1  vol.  corps  +  1  vol.  cocci 
1  vol.  serum  alone  Rabbit  "10"                    +  1  vol.      ..      +1  vol.     ,, 

113 
2-56 

5 
6 

1  vol.  (L.B  S.  +  serum  Rabbit  "12")             +  1  vol.  corps  +  1  vol.  cocci 
1  vol.  serum  alone  Rabbit  "V2"                     -\-  1  vol.      ..       +1  vol.      ,, 

200 
324 

7 
8 

1  vol.  (L.B.S.   +   serum  Rabbit  "14")       -f-  1  vol.  corps  -f  1  vol.  cocci 
1  vol.  serum  alone  Rabbit  "14"                 +  1  vol.      .,      +1  vol.      ,, 

123 
325 

10 


1  vol.  (L.B.S.  +  scrum  Rabbit  "Normal")  -f  1  vol.  corps  +  1  vol.  cocci  201 


1  vol.  serum  alone  Rabbit  "Normal" 


+  1  vol.      ..     +1  vol. 


19.- 


It  is  to  be  noted  that  the  L.B.S.  in  the  above  experiments 
possessed  a  certain  degree  of  opsonizing  power  on  the  ^licrococcus, 
and  that  its  inhibitory  action  was  not  so  strongly  marked  as  in  some 
of  the  preceding  experiments ;  the  effect,  however,  was  quite  con- 
siderable. 

We  now  sought  to  ascertain  whether  this  inhibitory  action  of 
L.B.S.  could  be  utilised  either  as  a  measure  of  the  amount  of 
immunity  conferred  upon  our  inoculated  animals,  or  as  a  diagnostic 
aid  in  infected  human  beings. 

In  the  former  case  we  expected  to  find  that  the  serum  of  an 
animal  in  process  of  immunisation  would  (a)  provide  L.B.S.  of  a 
degree  of  activity  proportioned  to  its  immunity  response,  and  (h)  that 
its  opsonic  power  towards  the  M.  pyogenes  aureus,  after  admixture 
and  incubation  with  equal  quantities  of  a  standard  L.B.S..  would 
vary  proportionately  to  the  immunity  response.      In  the  latter  case. 
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taking  Enteric  Fever  as  an  example,  we  expected  to  find  that  the 
serum  of  an  infected  individual,  upon  addition  of  Enteric  L.B.S., 
Mould  show  a  marked  difference  in  its  phagocytic  power  towards 
Micrococcus  j)yogenes  aureus  as  compared  with  tliat  of  a  normal 
serum  under  similar  conditions. 

In  a  number  of  experiments  carried  out  to  tliese  ends  our  results, 
both  with  respect  to  the  gauging  of  the  degree  of  immunity 
conferred  upon  our  animals  and  the  use  of  the  phenomena  as  a 
diagnostic  procedure,  were  too  discordant  to  Avarrant  tlie  draAving  of 
any  definite  conclusions;  we  are  of  the  opinion,  however,  that  furtlier 
study  of  this  phenomenon  inay  lead  to  its  better  understanding  and 
i)er]iai)S  to  some  i^ractical  application. 

At  the  present  time  we  consider  that  the  phenomenon  of  the 
inhibition  of  phagocytosis  by  L.B.S.  probably  depends  upon  the 
absorjDtion  of  some  substance  of  the  nature  of  complement — whether 
that  substance  be  complement  as  usually  understood  or  "  non-immune 
opsonin  "  itself. 


II. 


Further   Observations  on   Piantlcation, 

Piantlcation  of  Bacillus  pcstis. — Having  obtained  the  necessary 
immune  sera,  we  proceeded  to  pianticate  cultures  of  B.  pestis, 
following  the  technique  detailed  in  a  previous  publication  by  one  of 
us.-  In  the  course  of  this  Avork  we  found  that  some  further  light  was 
thrown  upon  the  factors  necessary  for  the  accomplishment  of 
piantication. 

In  order  to  pianticate  a  bacterium  a  considerable  amount  of 
preparatory  work  is  usually  necessary  in  order  to  obtain  the  immune 
serum.  We  find  that  a  serum  obtained  from  an  animal  which  is 
developing  marked  antibacterial  properties — as  shown  by  agglutination 
and  opsonic  tests — is  satisfactory. 

Given  the  immune  serum,  some  organisms  can  be  quickly 
pianticated,  provided  that  certain  conditions  are  observed.  We  were 
successful,  almost  at  once,  in  pianticating  a  strain  of  B.  ])estis  by 
successive  series  of  exposures  to  heated  and  unlieated  immune  serum — 
the  former  consisting  of  immune  serum  which  had  been  heated  at  a 
temperature  of  56°C.  for  half  an  hour.  The  following  table  (VII.) 
records  the  progress  of  piantication  as  indicated  by  opsonic  tests 
carried  out  with  normal  rabbit's  serum  ;  in  these  and  all  other  similar 
tests  the  living  organism  was  used:  — 
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TABLE  YIT. 


Piauticati(»i    of   B.    pcstis    by   successive    treatiuent    with    heated    and 
unhented  imiuune  serum. 


Date. 

Immuuc  Serum 

Duration  of 
Exposure. 

Opsonic  count 
rabbits 

with  uormal 
serum. 

Pianticated 
Strain  of  B.p 

Original  Strain 
ofB.  p.  * 

No.  of 
Bacilli. 

No.  of 
Leuco- 
cytes. 

No.  of 
Bacilli. 

No.  of 
Leuco- 
cytes. 

Marcli    6 

Heated 

21  hours 

_             _ 

— 

— 

B 

,. 

•;6     .. 

27             2o 

;i 

25 

10 

•24     ,, 

H       ,       25 

1 

1 

25 

11 

.. 

U  .. 

5 

25 

1 

25 

12 

oi  .. 

22              25 

1 

25 

13 

., 

6     ,. 

24              25 

9 

25 

lo 

Unlieated 

24     .- 

109              25 

9 

25 

17 

Heated 

24     ., 

63              10 

28 

25 

19 

M 

24     ., 

.51 

25 

14 

25 

20 

L  uheatcd 

5     .. 

59 

25 

6 

25 

22 

5i  .. 

90 

25 

19 

25 

23 

5^  .. 

36                5 

8 

25 

21 

6     ., 

118              25 

29 

25 

25 

1              •" 

•> 

87 

25 

0 

25 

26 

„ 

8     ., 

41 

10 

1 

1       25 

27 

,, 

7     ,, 

42 

5 

7 

25 

29 

Heated 

4     ., 

39 

10 

4 

;    25 

■  Care  \va.s  taken  that  the  culture  of  the  original  organ i.sm  was  always 
of  the  same  age  as  that  of  the  pianticated  organism;  this  was  secured  by 
subc-ulturing  both   varieties  simultaneouslv. 
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Ficlativc    Virulence    of   the   Orhj'niaJ    and    Pianticatcd    Strains    of 

B.  pcdia. 

As  our  strain  of  B.  pestis  proved  to  be  non-lethal,  in  moderate 
doses,  for  guinea-pigs,  we  were  unable  to  make  use  of  it  in  comparing 
the  results  of  inoculations  with  the  pianticated  and  the  original  strains. 
Another  strain,  obtained  from  Dr.  Park  Eoss,  of  Durban,  proved  to 
be  lethal  for  guinea-pigs,  and  with  this  we  inoculated  rabbits,  and  in 
a  few  weeks  had  obtained  an  immune  serum ;  attempts  to  pianticate 
the  B.  pestis  with  this  serum  were,  however,  quite  unsuccessful.  A 
rabbit  whicli  had  been  inoculated  with  this  same  strain  died  from  the 
infection ;  having  recovered  the  organism  from  the  heart-blood  and 
spleen,  we  found  that  it,  in  its  recently  isolated  condition,  could  be 
readily  pianticated  by  alternate  exposures  to  heated  and  unheated 
immune  serum.  The  following  phagocj'tic  counts  are  taken  from  the 
record  of  our  observations  on  this  occasion:  — 


TABLE  VITI. 


Pi  anticated  Strain. 

Original 

Strain. 

No.  of 

No.  of 

No.  of 

No.  of 

Bacilli. 

Leucocytes. 

Bacilli. 

Leucocytes. 

51 

25 

0 

25 

110 

50 

7 

50 

60 

25 

14 

25 

79 

25 

10 

25 

124 

25 

6 

25 

81 

25 

2 

25 

112 

25 

fi 

25 
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A  few  inoculation  experiments  were  now  carried  out  witli  our 
virulent  strain  of  B.  pestis.  in  its  original  and  its  pianticated  condition  ; 
these  were  undertaken  with  the  view  of  ascertaining  whether  B.  pestis 
when  pianticated  was  less  pathogenic  than  the  original  strain. 
Unfortunately  we  were  not  able  to  reach  anv  definite  conclusions  on 
the  point,  as  the  supply  of  guinea-pigs  became  •  curtailed  ;  owing  to 
the  war  the  preparation  of  anti-diphtheritic  serum  was  undertaken  at 
the  Institute,  with  the  result  that  nearly  all  the  guinea-pigs  were 
unexpectedly  "  commandeered."  As  far  as  our  experiments  went  the 
results  were  as  follows:  — 


TABLE  IX. 


B.  pestis. — Original  Strain. 


B.  pestis. — Pianticated  Strain. 


Guinea-pig     inoculated  i 
subcutaneously  with 

20  millions. 

1 

Rabbit  inoculated  sub-  i 
cutaneously  with  20 
millions. 


Result. 
Died  in 


days. 


Survived. 


Rabbit  and  guinea-pig  1  Both 

each  inoculated  sub-  '  died  in 

cutaneously  with  200  i  6 

millions.  days. 


Guinea-pig  inoculated 
subcutaneously  with 
200  millions. 

Rabbit  inoculated  sub- 
cutaneously with  200 
millions. 

Three    guinea-pigs    in- 
oculated subcutane- 
ously with 
50  millions. 
100 
200 


Result. 

Died    in 

6 

days. 

Died   in 

6 
days. 


Died 
in 
7  days. 
10     ,, 
6      ,, 


When  we  sought  to  use  white  rats  instead  of  guinea-pigs  we  found 
that  they  proved  resistant  to  doses  of  up  to  500  million  bacilli:  we 
therefore  concluded  that  they  were  not  suitable  for  our  purpose. 

Piantication  of  Bacillus  coli  communis. — We  were  equally 
successful  in  piauticating  a  strain  of  the  B.  coli  communis,  but  in 
this  instance  the  organism  was  exposed  to  heated  serum  alone.  Table 
X.  records  the  results  obtained. 

As  we  had  no  special  reason  for  continuing  to  pianticate  the  B. 
coli  communis,  we  merely  re-planted  the  original  strain  from  time  to 
time.  Some  weeks  later,  however,  we  endeavoured  to  again  pianticate 
the  original  strain,  which  had  meanwhile  undergone  a  number  of  sub- 
cultivations,  but  were  quite  unsuccessful.  This  strain  had  been 
obtained  from  the  urine  of  a  case  of  colon  cystitis.  At  a  later  date 
another  specimen  of  lu'ine  was  sent  to  the  laboratory  from  the  same 
patient,  and  the  bacilkis  was  again  isolated;  we  treated  this  freshly 
isolated  bacillus  and  found  that  it  was  readily  pianticated. 
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TABLE  X. 


Piantication  of  B.  coll  conniiunis  by  exposure  to  immune  senini   irhieh 
Ind  been   heated  to  56°C.  for  Juilf  (in-  hour. 


Opsonic  count  with  normal  rabbit's  serum. 

Pianticated  Strain 

Original  Strain 

Date. 

Duration  of 
Exposure. 

of  B.  coli  c. 

of  13.  coli  c.  * 

No.  of 
Bacilli. 

No.  of 
Leuco- 
cytes. 

No.  of 
Bacilli. 

No.  of 
Leuco- 
cytes. 

March    fi 

24  houris 

22 

25 

12 

25 

8 

26       ,. 

50 

2o 

B                      25 

10 

24       ,, 

.1 

25 

1                     25 

11 

64     .. 

20 

25 

29                     25 

12 

5i     „ 

29 

25 

17 

25 

15 

48       ,, 

37 

10 

11 

25 

17 

24       ,, 

50 

5 

10 

25 

19 

24       ,, 

39 

10 

19 

25 

22 

oh     „ 

42 

2.5 

17 

25 

25 

—       „ 

53 

10 

20 

25 

26 

8       ,, 

3() 

5 

10 

25 

27 

12        ,, 

64 

25 

10 

25 

29 

4       ,, 

42 

25 

8 

25 

30 

—       ., 

40 

10 

23 

25 

31 

5i     •, 

61 

- 

9 

25 

*  Set'  footnote  p.  9. 

We  hud  somewhat  similar  experiences  with  a  I'asteurelhi  organism  ; 
when  attempts  were  made  to  pianticate  it  at  a  comparatively  short 
interval  after  its  isolation  from  the  patient  we  were  successful,  and 
although  similar  attempts  made  some  weeks  later  were  ultimately 
successful  a  greater  number  of  treatments  were  necessary.  A  third 
series  of  attempts  at  a  still  later  date  were  quite  unsuccessful.     We 
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again  obtained  the  organism  from  the  patient — who  by  this  time  had 
greatly  improved  under  vaccine  treatment — but  found  that  our 
attempts  to  pianticate  it  were  now  unavailing. 

From  these  experiments  we  conclude  that  if  a  micro-organism  is 
to  be  readily  pianticated  the  following  conditions  are  advantageous:  — 
f  1)  The  serum  must  be  vigorously  anti-bacterial ;  (2)  the  bacterium 
should  liave  been  recently  isolated  from  the  host  ;  and  (3)  the  latter 
should  not  have  been  submitted  to  vaccine  treatment.  If  the  host 
has  been  treated  by  vaccines,  and  thus  rendered  more  or  less  immune, 
the  bacterium  has  possibly  had  time  to  adjust  itself  to  "  immune 
serum.  This  suggests  the  practical  consideration,  that  when  a  patient 
is  treated  by  a  vaccine  the  first  few  doses  are  probably  of  pre-eminent 
importance.  The  infecting  bacterium  is  not  a  passive  intruder,  it  is 
a  living  parasite,  and  as  such  it  is  capable  of  adjusting  itself  to  new 
conditions ;  from  the  point  of  view  of  successful  tlierapeutics  tlie 
attack  upon  it  should  thei'efore  be  as  abrupt  as  possible. 


HI. 

Tlir  Kffrcf  on  Phagocytosis  irJteii  fJic  Scrum   in  a  Pluirioci/fic  Mi.rfurc 
is  replaced  by  1  per  cent.  Salt  Snhifion. 

In  the  course  t)f  our  efforts  to  pianticate  the  B.  pestis  the 
observation  was  often  made  that  phagocytosis  occurred  more  readily 
when  no  serum  had  been  added  to  the  suspension  of  the  organism  in 
1  per  cent,  saline.     The  record  of  a  typical  observation  is  as  follows:  — 

TABLE   XI. 


Constituents  of  Phagocvtic  Mixture.  ;  ^.^r^"^  Bacilli  iu 

'^     '  oO  Leucocvtes. 


1  vol.  suspension  of  B.  pestis  (original  strain  in  1%  saline)     I 

-\-  1  vol.  normal  rabbifs  serum  +  1  vol.  corpuscles.     !  6::J 


1  vol.  suspension  of  B.  pestis  (original  strain  in  1%  saline) 
-t-  1  vol.  1%  saline  +  1  vol.  corpuscles. 


242 


Similar  results  were  also  ol^tained  with  a  diphtlieroid  l)aeillus 
which  had  been  isolated  from  the  nasal  secretion  of  a  patient. 

From  tliese  observations  it  would  seem  that  fresh  serum  may  be 
less  prejudicial  to  a  bacillus — from  the  point  of  view  of  pliagocytosis — 
than  such  an  "  indifferent  '"  solution  as  1  per  cent,  saline. 
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CONCLUSIONS. 

(1)  Tlint  if  iniimiiu'  B.  coli  coiuinunis  soniiii  be  incubated  witli 
its  liomolof^ous  organism  certain  properties  are  conferred  upon  it  in 
virtue  of  which  it  is  able,  wheii  mixed  and  incubated  either  with  a 
simihir  immune  serum  or  with  a  normal  serum,  to  greatly  inhibit  the 
opsonic  power  of  such  sera  towards  Micrococcus  pyogenes  aureus. 
The  effect  is  more  marked  when  the  mixture  has  been  made  with 
immune  serum. 

(2)  That  recent  isolation  of  an  organism  is,  in  some  instances, 
necessary  if  successful  piantieation  is  to  be  achieved. 

(3)  That  it  may  be  impossible  to  pianticate  an  organism  if  it  has 
been  isolated  from  a  patient  wlio  has  received  active  immunisation 
treatment   against   such   organism. 

(4)  That  some  cultures  of  Bacillus  pestis  are  more  readily 
phagocyted  when  1  per  cent,  saline  is  substituted  for  the  serum  of  the 
phagocytic  mixture. 

(o)  That  the  question  of  the  relative  virulence  for  guinea-pigs 
and  rabbits  of  pianticated  and  ordinary  J3acillus  pestis  is  at  present 
undecided. 
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PROPHYLACTIC  INOCULATION  OF  MAN 
AGAINST  PNEUMOCOCCAL  INFECTIONS, 
AND  MORE  PARTICULARLY  AGAINST 
LOBAR  PNEUMONIA  ;  INCLUDING  A 
REPORT  UPON  THE  RESULTS  OF  THE 
EXPERIMENTAL  INOCULATION,  WITH  A 
SPECIFIC  GROUP  VACCINE,  OF  THE 
NATIVE  MINE  LABOURERS  EMPLOYED 
UPON  THE  PREMIER  (DIAMOND)  MINE 
AND  THE  CROWN  (GOLD)  MINES  IN  THE 
TRANSVAAL  AND  THE  DE  BEERS 
(DIAMOND)  MINES  AT  KIMBERLEY— 
COVERING  THE  PERIOD  FROM  NOVEMBER 
1,  1916,  TO  OCTOBER  31,  1917. 

By  F.   S.  LISTEE,  M.E.C.S.,  L.E.C.P. 

During  1913  a  classification  of  the  Pneumococcus  into  groups 
which  are  biologically  and  immunologically  distinct  was  accomplished 
by  A.  E.  Dochez  and  L.  J.  Gillespie^  in  America,  and  independently 
by  the  Author^  in  South  Africa.  These  discoveries  have  led  to  greatly 
increased  precision  in  our  conception  of  the  immunological  problems 
involved  in  pneumococcal  infections. 

Towards  the  end  of  1915,  and  during  the  greater  part  of  1916,  I 
carried  out  a  laboratory  investigation  with  respect  to  the  possibility 
of  conferring  immunity  against  pneumococcal  infections  in  the  rabbit 
and  in  man.  The  results  of  this  investigation  convinced  me  that  it 
was  quite  feasible  to  protect  rabbits  against  experimental  infections, 
and  also  that,  in  the  case  of  man,  the  production  of  specific  antibodies 
(agglutinins  and  opsonins)  occurred  regularly  in  response  to 
inoculation  with  pneumococcal  vaccine — provided  that  the  dosage  and 
the  method  of  inoculation  were  suitable.  I  summed  up  (I.e.)  the 
probabilities  of  success  in  the  following  words: — 

"  If  the  problem  to  be  studi'^d  had  been  the  immunisation  of 
rabbits  against  pneumococcal  infection  one  might  say  that  it  has  been 
satisfactorily  solved  and  the  results  put  to  a  crucial  test.  I  have 
shown  that  suitable  inoculation  will  give  rise  in  man  to  those  antibodies 
which  appear  to  be  mainly  responsible  for  the  immunity  which  can  be 
established  in  the  rabbit  ,  ,  ,  ,  it  may  be  reasonably  anticipated  that 
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the  resistance  of  an  inoculated  man  to  a  natural  infection  by  the 
Pneumococcus  will  be  as  satisfactory  as  that  of  the  inoculated  rabbit 
to  an  artificial  infection — owing  to  the  presence  in  his  serum  of  the 
same  demonstrable  antibodies."  "It  is  obviously  of  first  importance 
that  a  suitable  experiment  should  be  organised  to  put  this  anticipation 
to  the  test.  This  can  only  be  done  by  inoculating  a  group  of  individuals 
'  at  risk  '  and  recording  the  subsequent  incidence  of  Pneumonia 
amongst  them.  In  such  an  experiment  it  will  be  necessary  to  ascertain 
whether  cases  of  Pneumonia  which  may  arise  amongst  the  inoculated 
are  or  are  not  due  to  organisms  belonging  to  the  groups  comprising  the 
vaccine ;  it  would  be  manifestly  illogical  to  expect  protection  against 
any  group  of  Pneumococcus  of  the  Lobar-Pneumonia-producing  type 
which  was  not  represented  in  the  vaccine  used." 

Since  the  publication  of  the  above,  I  have  endeavoured  to  carry 
the  work  to  the  definite  conclusion  which  I  had  suggested. 
Experiments  on  a  large  scale,  dealing  with  the  prophylactic  inoculation 
of  man  against  Lobar  Pneumonia,  have  been  conducted  under  the 
aegis  of  the  South  African  Institute  for  Medical  Eesearch.  In  the 
following  pages  the  results  which  have  been  obtained  in  these 
experiments  are  recorded,  and  such  evidence  as  appears  to  be 
relevant  to  the  issues  under  consideration  is  put  forward. 

The  matter  may  be  conveniently  arranged  under  the  following 
sections: — (I.)  Nature  of  the  evidence  employed  in  evaluating  the 
results.  (II.)  Preparation  of  the  vaccine,  dosage,  and  system  of 
inoculation.  (III.)  The  Premier  Diamond  Mine  experiment.  (IV.) 
The  Crown  Mines  experiment.  (V.)  The  De  Beers  Diamond  Mines 
experiment.      (VI.)    Discussion.      (VII.)     Conclusions. 

SECTION    I. 

Nature  of  the  Evidence  employed  in  Evaluating  tJic  Results. 

The  method  of  using  controls  in  the  conventional  manner  has  been 
deliberately  avoided  in  carrying  out  the  experiments  described  in 
Sections  III.,  IV.  and  V.  This  has  been  done,  primarily,  because  the 
use  of  controls  would  have  involved  serious  fallacies  dependent  upon 
certain  of  the  epidemiological  features  of  Lobar  Pneumonia,  and, 
secondarily,  because  of  practical  considerations  which  will  be  referred 
to  presently  in  connection  with  two  of  the  experimental  mines.  In 
lieu  of  a  system  of  controls  in  these  experiments,  I  have  made  use  of 
a  principle  which  has  recently  become  available  owing  to  the  advances 
made  in  our  knowledge  of  the  bacteriology  of  the  Pneumococcus.  An 
application  of  this  principle  has  for  some  time  past  seemed  to  me 
capable  of  affording  very  definite  and  irrefutable  evidence  as  to  the 
efficacy  or  otherwise  of  pneumococcal  prophylactic  inoculation. 

A  brief  consideration  may  now  be  given  to  what  appear  to  me  to 
be  certain  fallacies  which  would  have  been  inherent  in  the  use  of 
conventional  controls  in  these  particular  experiments:  — 
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In  a  previous  publication^  I  expressed  the  following  opinions:  — 
"  In  the  svstem  hitherto  employed  on  the  Eand  for  assaying  the 
results  of  prophylactic  inoculation  against  the  Pneumococcus  a  certain 
advantage  conferred  upon  the  uninoculated  has,  I  think,  been 
overlooked.  If  Pneumonia  is  spread,  as  I  believe  it  to  be,  either 
directly  from  case  to  case  or  through  the  agency  of  carriers  it  follows 
that  the  inoculation  of  half  the  inhabitants  of  a  Native  compound  may 
interrupt  the  chain,  not  only  of  actual  pneumonic  patients,  but  also 
of  carriers ;  if  the  inoculation  achieves  this  it  is  obvious  that  the 
uninoculated  half  of  the  population  will  reap  an  advantage  which  is 
not  allowed  for  in  the  calculations." 

Not  only  does  the  foregoing  source  of  fallacy  exist  in  an 
experiment  controlled  in  the  orthodox  manner,  but  an  additional  one 
is  also  probably  present.  In  view  of  the  fact  that  the  frequent  passage 
of  the  Pneumococcus  through  laboratory  animals  increases  its 
virulence  to  a  quite  remarkable  degree  it  is  highly  probable  that 
frequent  passage  through  man  produces  a  similar  effect ;  may  not 
pneumococcal  prophylactic  inoculation  of  one-half  of  a  community 
(the  members  of  which  live  and  work  together) ,  by  diminishing  the 
number  of  passages  of  a  given  strain  of  Pneumococcus  over  any  stated 
period,  tend  to  keep  its  virulence  at  a  lower  level  than  would 
otherwise  have  been  the  case?  If  such  were  the  result,  then  the 
uninoculated  half  of  the  community  would  be  subjected  to  less  risk 
than  usual,  whilst,  on  the  other  hand,  the  greater  opportunity  for 
passage  of  the  Pneumococcus  in  the  uninoculated  group  would  tend  to 
increase  the  risk  to  the  inoculated. 

When  these  possible  sources  of  fallacy  are  considered  we  may 
well  ask  what  justification  there  would  have  been  in  the  present 
instance  for  assuming  that  all  bias  would  have  been  eliminated,  and 
errors  of  chance  rendered  computable,  by  recording  the  results 
obtained  in  a  mixed  population  consisting  of  inoculated  individuals  and 
uninoculated  controls. 

At  the  time  of  the  initiation  of  the  present  experiment  on  the 
Premier  Diamond  Mine  Pneumonia  was  rife  amongst  the  labourers, 
and  it  was  sought  to  terminate  such  a  state  of  affairs  as  early  as 
possible  ;  for  this  reason  the  whole  Native  labour  force  was  at  once 
inoculated,  with  the  exception  of  a  few  Natives  who,  owing  to  the 
exigencies  of  the  circumstances,  were  overlooked.  Again,  at  the 
Crown  Mines,  for  more  than  a  year  previous  to  the  commencement 
of  this  experiment,  the  Native  population  had  been  inoculated  as  a 
routine  measure,  though  the  method  which  had  been  employed  was 
not  as  efficient  as  that  now  under  consideration.  Uninoculated 
Natives  already  resident  on  these  two  mines  at  the  commencement  of 
the  respective  experimental  periods  were  therefore  not  available  as 
controls.  Even  if  such  resident  Natives  had  not  been  inoculated  a 
fallacy  would  have  been  introduced  by  employing  them  as  controls — 
a  fallacy  which  is  based  upon  the  fact  that  the  mortality  from  Lobar 


306  Pneumococcal    Prophylaxis 

Pneumonia  amongst  Native  mine  labourers  is  twice  or  thrice  as  great 
during  their  first  three  months  of  residence  on  the  mines  as 
subsequently. 

I  was  but  little  inclined  to  set  aside  a  proportion  of  the  new 
arrivals  on  these  two  mines  as  uninoculated  controls,  since,  for  reasons 
which  I  have  stated,  they  would  have  reaped  a  very  substantial  benefit 
through  association  with  such  a  thoroughly  inoculated  community. 

The  experiment  at  the  De  Beers  Diamond  Mines  was  commenced 
at  a  later  date  than  those  on  the  Premier  and  Crown  Mines ;  the 
consistent  results  which  were  being  obtained  on  both  these  latter 
mines,  together  with  the  fact  that  the  period  of  service  of  Natives  at 
De  Beers  is  a  very  short  one,  induced  me  to  adopt,  on  this  mine  also, 
the  system  of  inoculating  all  fresh  arrivals  without  any  attempt  to 
keep  uninoculated  controls. 

Having  now  stated  my  reasons  for  having  discarded  the  usual 
method  of  evaluation  by  comparing  the  incidence  of  and  mortality  from 
Lobar  Pneumonia  in  inoculated  and  uninoculated  (control)  groups,  it 
becomes  necessary  to  state  clearly  the  principles  upon  which,  in  my 
opinion,  the  organization  of  suitable  experiments  should  be  based,  and 
the  nature  of  the  evidence  on  which  I  rely  in  forming  an  estimate  of 
the  results  obtained.  A  satisfactory  experiment  should,  I  think,  be 
governed  by  the  following  five  conditions:  — 

(I).  The  inoculated  population  should  be  large; 

(II).  The  experiment  should  extend  over  a  lengthy  period; 

(III).  A  bacteriological  and  serological  investigation  should  be 
carried  out  in  every  case  of  Lobar  Pneumonia  occurring 
in  the  inoculated  population  during  the  experimental 
period ; 

(IV).  A  comparison  should  be  made  between  the  rates  of 
incidence  of  and,  more  especially,  mortality  from,  Lobar 
Pneumonia  in  the  selected  population  during  the  experi- 
mental period  and  the  same  rates  in  the  same  population 
over  a  lengthy  period  nrevious  to  inoculation  ; 

(V).  The  inoculation  and  medical  history  of  every  inoculated 
person  should  be  accurately  recorded  and  kept  by  the 
card  system. 

With  regard  to  conditions  "  I."  and  "  II."  little  need  be  said;  it 
is  obvious  that  the  larger  the  experimental  group,  and  the  longer  the 
period  of  observation,  the  less  is  the  chance  that  fortuitous 
circumstances  will  interfere  with  a  correct  interpretation  of  the  results. 

The  importance  and  reliability  of  the  evidence  obtainable  from 
the  investigation  demanded  by  condition  "  III."  can  scarcely  be 
exaggerated.  With  our  present  knowledge  we  can  determine,  with  a 
very  small  margin  gf  error,  to  which  group  of  the  Pneumococcus   the 
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infection  in  any  case  of  Lobar  Pneumonia  is  attributable.  Between 
63  and  76  per  cent,  of  all  cases  of  Lobar  Pneumonia  amongst  Native 
mine  labourers  is  caused  by  the  Pneumococcus  belonging  to  one  or 
other  of  the  groups  "  A,"  "  B,"  or  "  C  " ;  if  the  inoculation  of  a  large 
group  of  labourers  with  a  vaccine  comprising  these  three  prevalent 
groups  greatly  decreases  the  frequency  of  their  occurrence,  relatively 
to  other  pneumococcal  groups,  the  result  should  constitute  very 
weighty  evidence  in  favour  of  inoculation. 

The  premisses  upon  which  the  above  argument  rests  will  not  be 
contested  by  anyone  who  has  personally  investigated  the  question. 
The  existence  of  definite  groups  of  the  Pneumococcus,  distinct  and 
possessing  specific  immunit}^  reactions,  has  been  placed  beyond  all 
doubt ;  the  results  of  the  earlier  workers  in  this  field  have  been 
confirmed  in  many  laboratories,  whilst  no  evidence  has  been  advanced 
against  their  position  from  any  quarter. 

The  relative  frequency  with  which  the  various  groups  of  the 
Pneumococcus  have  been  found  by  me  in  148  unselected  cases  of 
Lobar  Pneumonia  amongst  Native  mine  labourers  is  shown  in  Table  I. 
It  may  be  remarked  that  none  of  the  cases  in  this  table  were  inoculated 
Natives  on  the  three  experimental  mines.  During  the  present  year 
(1917)  I  have  discovered  three  new  and  apparently  important  groups 
of  the  Pneumococcus,  which  I  have  designated  "  H,"  "  J  "  and  "  K  " 
respectively  ;  several  cases  and  deaths  attributable  to  these  three  new 
groups  liave  occurred  amongst  the  inoculated  Natives  on  the  Crown 
Mines,  but  they  do  not  appear  in  Table  I. 

Table  I.  shows  that  the  Pneumococcus  of  groups  "A," 
"  B  "  and  "  C  "  occurred  collectively  in  from  about  77%  (1914) 
down  to  about  63%  (1917)  of  the  cases,  with  an  average  for  the  five 
years  of  68-9%.  The  comparatively  high  figure  for  group  "  B  "  in 
1916  was  due  to  the  fact  that  an  outbreak  at  the  Premier  Diamond 
Mine  was  investigated,  when  in  seven  consecutive  cases  the 
Pneumococcus  of  this  group  was  found  to  be  the  infecting  organism*  ; 
A.  K.  Dochez,  of  the  Eockefeller  Institute,  has  informed  me  that  of 
495  cases  of  Pneumonia,  60  per  cent,  was  found  to  be  due  to  the 
Pneumococcus  of  types  I.  and  II.  ;  these  two  types  are  identical  with 
my  groups  "  C  "  and  "  B  "  respectively.  Group  "  A  "  Pneumococcus, 
which  is  the  predominant  group  amongst  the  Natives  of  the  Transvaal, 
appears  to  be  unknown  in  America. 

I  need  not  further  labour  the  point  that  in  Natives  employed  in 
the  mines  of  the  Transvaal  Lobar  Pneumonia  is  consistently  due,  in 
the  majority  of  cases,  to  infection  by  the  Pneumococcus  of  groups 
"  A,"  "  B  "  or  "  C  "  ;  if  prophylactic  inoculation  against  these  three 
groups,  only,  entirely  alters  this  epidemiological  peculiarity,  the 
procedure  will  practically  rank  as  a  crucial  experiment — an  experiment 
w^hich  should  be  free  from  statistical  criticism  if  the  data  furnished 

*  On  another  occasion  an  epidemic  of  Pneumonia  due  to  group  "A" 
Pneumococcus  occurred  on  one  of  the  gold  mines. 
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are  sufficiently  ample  and  the  results  sufficiently  pronounced.  It  is 
not  my  intention  to  proclaim  any  numerical  standard  which  is  to  be 
accepted  as  final  proof  of  the  efficacy  of  prophylactic  inoculation 
against  Lobar  Pneumonia ;  there  are  individuals  who  are  hardly  to  be 
convinced  in  any  circumstances,  whilst  others  are  prepared  to  accept 
as  proof  evidence  of  the  slenderest  character.  To  my  mind,  the 
results  obtained  by  this  particular  method  of  investigation  would 
amount  to  practical  failure  if  they  were  so  unapparent  as  to  require 
biometrical  analysis  to  disclose  them ;  so  deeply  hidden  a  fruit  might 
have  some  academic  value,  or  might  prove  a  stimulus  to  further 
research,  but  viewed  from  the  utilitarian  point  of  view  the  harvest 
would  be  a  failure.  It  is,  then,  upon  this  method,  and  the  results 
obtained  by  it  in  connection  with  the  Crown  Klines  experiment,  that 
I  desire  to  lay  particular  emphasis,  for  these  results,  in  my  opinion, 
irrefutably  demonstrate  the  practical  value  of  prophylactic  inoculation. 
The  class  of  evidence  demanded  by  condition  "IV."  needs  but 
little  elaboration ;  why  the  statistics  of  any  given  mine  during  the 
experimental  period  should  be  compared  with  those  of  the  same  mine 
at  other  periods  requires,  however,  some  explanation.  Both  the 
incidence  of  and  mortality  from  Lobar  Pneumonia  differ  very  widely 
on  different  mines  of  the  Witwatersrand  ;  on  some  they  have  always 
been  high,  whilst  on  others  the  reverse  has  obtained — a  discrepancy 
which  was  also  apparent  during  the  period  when  "  Tropical  "*  Natives 
were  employed.  Owing  to  this  pecularity  it  is  obvious  that  statistical 
arguments  either  favourable  or  unfavourable  to  prophylactic 
procedures  can  be  produced  at  pleasure  if  licence  be  given  to  select 
mines  for  the  purposes  of  comparison. 

The  three  mines  chosen  for  the  carrying  out  of  the  experiments 
here  dealt  with  had  always  experienced,  prior  to  inoculation,  a  very 
heavy  mortality  from  Lobar  Pneumonia,  and  the  Crown  ]\Iines  had 
been  one  of  the  worst  on  the  Witwatersrand  in  this  respect ;  even  the 
high  Pneumonia  death-rate  occurring  on  this  gold  mine,  however,  had 
been  greatly  exceeded  on  both  the  Premier  and  the  De  Beer's  Diamond 
Mines  for  several  years  previously.  If  a  substantial  reduction  of  the 
Pneumonia  death-rate — e.g.,  a  reduction  to  below  that  for  the  same 
period  for  all  Native  labourers  in  the  proclaimed  labour  area — were  to 
occur  simultaneously  on  each  of  these  three  mines  coincidently  with 
inoculation,  it  would  be  justifiable  to  regard  the  occurrence  as  valuable 
collateral  evidence  in  favour  of  prophylactic  inoculation.  Such 
evidence  would  be,  of  course,  of  quite  another  order  to  that  required 
by  condition  "  III.,"  and  would  not  carry  so  much  conviction,  at  any 
rate  to  the  Immunologist. 

All  that  is  necessary  to  state  with  regard  to  the  fifth  condition  is 
that  it  was  fulfilled. 


*  "Tropical  "  Natives  are  tliose  who  have  been  recruited  from  territories 
to  the  north  of  latitude  22^ S.  Their  further  recruitment  for  labour  in  the 
mines  of  the  AVitwatersrand  was  prohibited  bv  the  Fnion  liegislature  in 
May,  1913. 
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Owing  to  its  accessibility,  the  Crown  Mines  was  especially 
selected  for  the  investigation  stipulated  for  in  condition  "  III."  and, 
with  two  exceptions,*  every  case  of  Lobar  Pneumonia  which  occurred 
amongst  its  inoculated  population  during  the  experimental  period  of 
nine  months  was  made  the  subject  of  a  detailed  bacteriological  and 
serological  investigation.      This  investigation  comprised:  — 

1.  Tests  of  the  patient's  pre-critical  serum  with  stock  cultures 
of  the  groups  "A,"  "  B  "  and  "  C  " — to  determine  the 
immunity-response  to  his  previous  prophylactic  inoculation. 

2.  Isolation  of  his  infecting  organism — by  means  of  mouse- 
inoculation  with  his  sputum. 

3.  Identification  of  the  group  of  Pneumococcus  to  which  the 
isolated  organism  belonged — by  means  of  agglutination  tests 
performed  with  the  various  stock  antisera  specific  for  different 
groups. 

4.  Test  of  patient's  post-critical  serum — to  confirm,  or  otherwise, 
the  findings  obtained  wdth  the  organism  isolated  from  'his 
case.  For  this  purpose  the  serum  was  tested  with  a  repre- 
sentative stock  culture  of  each  of  my  established  groups,  and 
also  with  the  patient's  homologous  organism. 

5.  In  all  cases  that  ended  fatally  cultures  were  obtained  direct 
from  the  lung,  by  mouse-inoculation,  and  were  tested  for 
group  identification  by  means  of  stock  antisera  specific  for 
various  groups. 

An  effort  was  made,  for  a  time,  to  carry  out  the  same  investigations 
in  connection  with  the  other  two  experimental  mines,  but  owing  to 
their  distance  from  Johannesburg,  and  the  time  occupied  in  the 
transmission  of  specimens  (with  their  consequent  decomposition),  the 
work  was  found  to  be  impracticable  and  was  abandoned.  The  evidence 
to  be  submitted  with  regard  to  the  Premier  and  the  De  Beers  mines  is 
therefore  mainly  that  required  b3'  condition  "  IV."  Finally,  it  should 
be  pointed  out  that  I  have  not  been  responsible  for  the  clinical  diagnosis 
of  any  of  the  cases  which  occurred  on  the  three  mines  during  the 
experimental  periods. 

SECTION  II. 
Preparation  of  the    Vaccine,   Dosage,  and  System  of  Inoculation. 

The  rationale  of  designing  a  vaccine  for  the  prophylaxis  of  Lobar 
Pneumonia  can  only  be  appreciated  by  those  who  are  familiar  with 
the  more  recently  discovered  facts  concerning  the  epidemiology  of  this 
disease.  Too  much  space  would  be  occupied  here  by  a  detailed 
exposition,  and  as  numerous  publications  dealing  with  this  question 
have  appeared  during  the  last  four  years  it  must  be  taken  for  granted 
that  those  interested  in  this  subject  are  conversant  with  the  details. 

*  One  of  these  cases  occurred  during  my  absence  on  Pneumonia  investiga- 
tion at  Kimberlej'.  The  other  was  that  of  a  Native  who  had  been  isolated 
as  a  suspected  case  of  Typhus ;  it  was  only  after  his  recovery,  and  upon  his 
discharge,  that  the  diagnosis  of  Lobar  Pneumonia  was  decided  upon. 


F.  S.  Lister  311 

The  collecting  of  immunologically  distinct  strains  of  the  Pneumo- 
coccus  is  an  essential  prehminary  to  the  preparation  of  a  suitable 
vaccine,  and  their  differentiation  and  identitication  can  be  achieved  by 
the  procedures  which  I  have  pubHshed  elsewhere.-  The  decision  as 
to  what  groups  are  to  be  represented  in  the  vaccine  depends  upon  the 
relative  prevalence  of  the  various  groups  amongst  the  population  to  be 
protected;  this  relative  prevalence  can  only  be  determined  by  careful 
laboratory  investigation  of  many  local  cases  of  pneumococcal  infection. 

To  obtain  sufficient  culture  for  the  vaccine  it  is  not  practicable  to 
make  use  of  solid  media,  owing  to  the  great  quantity  of  it  which  would 
be  required  and  the  relatively  poor  growth  of  the  Pneumococcus  in  such 
circumstances. 

After  considerable  investigation  a  fluid  medium  has  been  obtained 
in  which  the  Pneumococcus  grows  profusely,  this  qualification  being 
intended  to  imply  a  growth  of  from  three  thousand  to  three  thousand 
live  hundred  milhons  of  cocci  per  c.c.  The  medium  is  essentially 
Douglas's  trs-psinated  bullock's  heart  medium,''  to  which  has  been 
added  small  quantities  of  sodium  phosphate  and  glucose. 

The  reaction  necessary  for  the  optimum  growth  of  the  organism 
has  been  found  to  differ  very  widely  from  that  advised  by  other  workers; 
I  have  found  the  most  favourable  reaction  to  be  + 17  (per  litre)  to 
phenol-phthalein — the  titration  being  performed  at  the  boihng  point 
according  to  Ejtc's  method.  To  what  extent  the  newer  conceptions 
of  "  Hydrogen  ion  concentration  "  and  "  buffer  content  "  of  the 
medium  are  concerned  I  am  not  in  a  position  to  state. 

The  directions  for  the  preparation  of  the  medium  I  employ  are  as 
follows: — Cut  off  the  fat  and  large  vessels  from  an  average-sized,  fresh 
bullock's  heart;  mince;  add  4  litres  of  water  and  4  grammes  of  dibasic 
sodium  phosphate;  make  fairly  alkaline  to  litmus;  heat  to  between  70° 
and  80°  C. ;  cool  to  45  ="  C,  and  add  1  per  cent.  "  Liquor  Trypsin  Co." 
(Allen  and  Hanbury) ;  place  in  the  incubator  at  37^  C.  for  about  three 
hours,  but  on  no  account  allow  the  action  of  the  ferment  to  proceed 
too  far;  acidify  with  acetic  acid,  and  boil  for  half  an  hour;  strain,  and 
adjust  the  reaction  to  +17  per  litre  (phenol-phthalein)  by  addition  of 
dekanormal  caustic  soda;  add  "013  per  cent,  of  calcium  chloride,  '2  per 
cent,  of  glucose,  and  •25  per  cent,  of  sodium  chloride;  autoclave  for 
half  an  hour  at  125°  C. ;  filter  into  wide-mouthed  culture-bottles,  and 
finally  sterilize  in  the  autoclave  for  half  an  hour  at  120°  C. 

It  is  to  be  especially  noted  that  no  fresh  blood,  or  serum,  is 
subsequently  added  to  this  medium;  it  may,  however,  be  remarked 
that  the  pneumococcal  strains  which  I  now  employ  have  been  long 
isolated,  and,  therefore,  perhaps,  grow  more  readily  than  if  they  had 
been  recently  isolated. 

When  growth  of  the  Pneumococcus  has  occurred  in  this  medium, 
autolytic  changes  rapidly  take  place;  after  twelve  hours'  incubation  a 
close  watch  must  therefore  be  kept,  or  the  growth  may  speedily  be 
rendered  useless  for  the  preparation  of  vaccine. 
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Sub-cultivation  of  the  strains  which  are  employed  for  the  vaccine 
should  be  maintained  on  ordinary  blood-agar;  continued  subculture  in 
the  trypsinated  medium  is  difficult,  and  I  have  some  evidence  that, 
with  certain  strains  at  least,  the  trait  of  agglutinability  disappears  in 
such  circumstances. 

In  previous  attempts  at  pneumococcal  prophylactic  inoculation  in 
South  Africa  (and  I  refer  more  particularly  to  the  work  of  Sir  Almroth 
Wright  and  his  associates)  the  entire  broth  culture  of  the  Pneumococeus 
was  used.  The  vaccine  which  has  been  used  in  these  experiments 
consists  of  a  suspension  of  the  bacterial  bodies  in  normal  saline  ('85  per 
cent.)  the  bacterial  bodies  having  been  recovered  from  the  broth  cultui'e 
by  centrifugalization. 

The  lack  of  a  rapid  and  practical  method  of  recovering  the  cocci 
from  the  broth  culture  was,  at  the  outset,  a  serious  obstacle  to 
preparing  the  vaccine  in  large  quantities,  but  this  difficulty  was 
eventually  overcome  ;  as  much  as  20  litres  of  broth  culture  are  now 
used  as  a  daily  routine,  and  occasionally  40  litres  have  been  dealt 
with.  A  short  experience  showed  us  that  the  ordinary  bucket-centri- 
fuge was  quite  impracticable  for  our  purpose.  After  experimenting 
unsuccessfully  in  many  directions,  I  ultimately  found  that  a  particular 
type  of  cream-separator  was  capable  of  very  efficiently  retaining  the 
cocci  in  the  revolving  bowl  of  the  machine,  the  broth  being,  of  course, 
ejected.  The  machine  which  I  am  now  using  is  known  as  "  The 
Pera,"  and  has  a  bowl  fitted  with  an  arrangement  of  metal  leaves;  it 
has  been  adapted  to  run  by  means  of  an  electric  motor,  and  its 
performance  gives  great  satisfaction.  That  type  of  machine  in  which 
the  bowl  is  fitted  with  superimposed  metal  cones  has  proved  useless. 

The  viscosity  of  the  culture  fluid  is  probably  an  important  factor 
in  successfully  separating  the  organisms  by  centrifugal  force.  Now 
that  trypsinated  broth  is  employed,  I  find  it  necessary  to  dilute  the 
grown  culture  with  an  equal  quantity  of  sterilized  water  if  the  cocci 
are  to  be  retained  in  the  bowl ;  this  necessity  did  not  exist  when 
ordinary  peptone  broth  with  added  blood  or  serum  was  used. 

The  concentrated  suspension  of  Pneumococci  obtained  from  the 
bowl  usually  contains  from  twenty  to  forty  thousand  millions  of  cocci 
per  c.c. 

Sterilization  of  the  suspension  of  Pneumococci  is  effected  by  the 
addition  of  an  antiseptic  and  not  by  heat.  As  might  be  inferred  from 
a  consideration  of  this  method  of  preparation,  a  few  spores  of  the 
B.  subtilis  are  constantly  present  in  the  suspension,  and  they  are  not 
easily  killed.  I  find  that  complete  sterilization  of  the  suspension  by 
the  addition  of  1'5  per  cent,  of  carbolic  acid,  or  even  2  per  cent,  of 
Tricresol,  is  usually  not  accomplished  at  room  temperature  until  after 
the  lapse  of  several  weeks  ;  by  the  use  of  "  Medical  Bacterol  "  (Menley 
and  James)  in  the  proportion  of  1*5  per  cent,  it  is,  however,  possible 
to  sterilize  all  resistant  spores  in  about  five  days.  It  is  perhaps 
needless  to  say  that  the  complete  sterility  of  the  suspension  is 
ascertained  by  rigid  tests  before  it  is  employed  in  the'  final  make-up 
of  the  vaccine. 
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The  particular  strains  of  the  Pneumococous  which  have  been  used 
for  the  preparation  of  the  vaccine  employed  in  the  three  experiments 
were  all  isolated  from  cases  of  Lobar  Pneumonia,  and  are  now  of 
considerable  laboratory  age;  this  is  shown  in  the  following  Table:  — 


TABLE  II. 

The  various  Lengths  of  Time  that  have  elapsed  since  the  vaccine 
Strains  were  isolated. 


Strain. 


2,480 

3,915 

3,472 

209 


Group. 


A  " 
B  " 
C  " 
H  " 


Period  elapsed  since  isolation. 


Two  years  and  one  month. 
One  year  and  one  month. 
Two  years  and  one  month. 
Eight  months. 


These  strains  have  not  been  subjected  to  animal  passage  ;  they 
retain  good  antigenic  qualities,  and  are  readily  agglutinated  by  their 
homologous  group  antisera,  and  by  no  other. 

In  a  previous  publication^  I  illustrated  in  detail  the  antibody 
production  in  the  sera  of  the  rabbit,  and  man,  which  is  consequent 
upon  their  inoculation  with  a  vaccine  containing  representatives  of 
five  distinct  groups  of  the  Pneumococcus ;  and  I  advised  that — "For 
prophylactic  purposes  in  man  the  subcutaneous  method  should  be 
adopted.  Three  inoculations,  at  seven  days'  interval,  should  be 
employed;  each  dose  should  consist  of  6,000  (six  thousand)  million 
cocci  of  each  group  against  which  immunity  is  desired.''  The  vaccine 
employed  in  the  present  experiments  did  not  comprise  representatives 
of  five  groups,  and  the  dose  administered  did  not  contain  six  thousand 
millions  of  cocci  of  each  group ;  the  subcutaneous  inoculation  of  three 
doses  at  seven  days'  interval  was,  however,  adhered  to.  An 
explanation  of  these  apparent  inconsistencies,  and  the  reasons  for 
departing  from  some  of  my  former  conclusions,  may  now  be  stated. 

My  experimental  study  of  prophylactic  inoculation  against  pneumo- 
coccal infections  was  concluded  in  August,  1916.  Almost  immediately 
after  this,  the  military  authorities  requested  the  South  African  Institute 
for  Medical  Research  to  furnish,  at  very  short  notice,  some  forty 
thousand  doses  of  a  pneumococcal  vaccine  for  the  immunization  of  the 
Natives  about  to    proceed  to    France  as  a  Labour  Contingent.*      The 


*  The  results  of  this  immunization  appear  to  have  been  very  satisfactory ; 
they  are  not  detailed  in  the  present  review  as  complete  official  figures  are 
not  yet  available. 
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rapid  preparation  of  so  large  a  quantity  of  vaccine,  comprising  five 
grovips  and  containing  a  total  of  thirty  thousand  millions  of  cocci  in 
each  dose,  was,  at  that  time,  out  of  the  question.  I  therefore  advised 
the  issue  of  a  vaccine  containing  representatives  of  groups  "  A,"  "  B," 
and  "  C  "  only,  vv^ith  a  total  content  of  ten  thousand  millions  of  cocci 
per  dose  of  1  c.c.  Subsequently  (November,  1916)  a  vaccine  which  was 
similar  to  this,  in  so  far  as  the  groups  of  the  Pneumococcus  are 
concerned,  was  employed  on  the  Premier  Diamond  Mine;  this  vaccine, 
however,  contained  a  still  smaller  number  of  bacterial  bodies,  viz.,  a 
total  of  seven  thousand  millions  per  dose  of  1  c.c.  In  Section  "  III." 
it  will  be  shown  that  the  epidemic  prevailing  on  the  Premier  Mine  at 
the  time  was  at  once  suppressed  by  the  use  of  this  vaccine,  and  that 
from  that  time  onwards  (a  period  of  one  year)  Lobar  Pneumonia  has 
ceased  to  give  cause  for  any  anxiety.  "When  the  experiment  on  the 
Crown  Mines  was  started  three  months  later  (February  1,  1917)  one 
was  naturally  influenced  by  the  Premier  Mine  results,  and  as  the 
preparation  of  a  large  quantity  of  vaccine  was  now  necessary,  I  decided 
to  use  a  vaccine  similar  to  that  which  had  been  adopted  on  the  Premier 
Mine.  At  a  still  later  date  (May  1,  1917)  the  De  Beers  Diamond 
Mines  experiment  was  undertaken.  For  reasons  referred  to  in  Section 
"V,"  I  made  certain  alterations  in  the  vaccine  for  use  on  this  mine, 
the  alterations  consisting  in  the  addition  of  a  representative  of  another 
group  (■'  H  ")  and  an  increase  in  the  total  number  of  cocci  to  eight 
thousand  millions  per  dose  of  1  c.c.  I  find  that  doses  of  this  richness 
(two  thousand  millions  of  each  group)  give  rise  to  demonstrable  anti- 
bodies in  the  sera  of  the  majority  of  those  inoculated;  the  antibody 
production  is,  however,  less  marked  and  less  consistently  uniform  than 
when  the  larger  doses  originally  suggested  by  me  are  employed. 

It  will  thus  be  seen  that  the  practical  difficulties  in  the  way  of 
preparing  the  vaccine  in  large  quantities  on  the  lines  originally 
recommended  led  me,  in  these  experiments,  to  test  its  efficacy  when 
modified  both  in  respect  to  the  number  of  pneumococcal  groups 
employed  and  also  the  richness  of  the  dose. 

In  carrying  out  these  experiments  it  was  decided  to  inoculate  only 
the  new  arrivals  on  the  selected  mines.  The  average  length  of  stay  of 
a  Native  on  the  gold  mines  is  about  eight  months,  and  on  the  diamond 
mines  a  still  shorter  period;  vmder  this  system,  therefore,  a  substantial 
proportion  of  the  Natives  will  have  undergone  inoculation  in  the  course 
of  a  few  months,  and  this  will  have  been  accomplished  without  arousing 
the  antagonism  of  those  Natives  already  resident  on  the  mines  at  the 
initiation  of  the  experiment.  A  still  weightier  reason  for  the  adoption 
of  this  system  is  the  necessity  for  immunizing  all  Natives  as  soon  as 
possible  after  their  arrival,  on  account  of  their  far  greater  liability  to 
contract  Pneumonia  during  their  first  three  months  of  service.  I  am 
of  the  opinion  that  if  Pneumonia  is  prevented  amongst  the  new  arrivals, 
considerable  benefit  accrues  to  the  vminoculated  portion  of  the 
population.  On  the  Premier  Diamond  Mine,  however,  the  whole 
Native  population,  as  stated  above,  was  at  once  inoculated,  whilst  the 
Natives  resident  on  the  Crown  Mines  at  the  initiation  of  the  experiment 
had  been  inoculated  previously. 
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Except  for  the  preliminary'  mass  inoculations  carried  out  on  these 
two  mines,  the  system  outlined  above,  i.e.,  the  triple  inoculation  of 
every  fresh  arrival,  has  been  consistently  employed  on  each  of  the 
three  experimental  mines  from  the  beginning  of  their  respective 
experimental  periods. 

The  duration  of  the  experimental  periods  was  as  follows :  Premier 
Diamond  Mine,  12  months;  Crown  Mines,  9  months;  De  Beers 
Diamond  Mines,  6  months. 

To  recapitulate :  The  vaccine  used  in  these  three  experiments 
consisted  of  the  bacterial  bodies  from  a  young  broth  culture,  suspended 
in  normal  saline ;  sterilization  was  effected,  without  heat,  by  the 
addition  of  an  antiseptic.  In  the  case  of  the  Premier  and  Crown  Mine&, 
the  vaccine  used  contained  a  representative  of  each  of  the  groups  "  A," 
"  B,"  and  "  C  "  only,  whilst  at  De  Beers  a  representative  of  group 
"  H  "  was  also  included. 

SECTION  III. 
The  Premier  Diamond  Mine  Experiment. 

The  Premier  Diamond  ^line  is  situated  about  forty-five  miles 
north-east  of  Johannesburg,  and  is  an  open  working.  Pneumonia  has 
always  been  notoriously  rife  and  a  serious  cause  of  mortality  among 
its  Native  employees.  The  author  was  Assistant  Medical  Officer  of 
this  mine  from  August,  1907,  to  February,  1912,  and  is  therefore  well 
acquainted  with  the  conditions.  Inoculation  against  Pneumonia  was 
resorted  to  in  1912,  during  Sir  Almroth  Wright's  visit  to  the  Transvaal. 
A  portion  only  of  the  population  was  at  first  treated,  but  subsequently 
the  whole  Native  labour  force  was  inoculated,  and  the  death-rate  from 
Lobar  Pneumonia  dropped  from  19'26  per  thousand  per  annum,  in 
1912,  to  4'8  per  thousand  per  annvim.  in  1913.  ^luch  criticism  was 
levelled  at  the  published  results  obtained  on  this  mine  during  that 
period,  criticism  which  was  chiefly  directed  against  the  alleged  (though 
obviously  unintentional)  selection  of  the  controls;  I  did  not,  at  the 
time,  acquiesce  in  these  strictures,  and  am  still  quite  unable  to  account 
for  the  satisfactory  decline  in  the  Pneumonia  returns  on  any  other 
grounds  than  that  it  was  the  direct  consequence  of  the  inoculation. 

The  Pneumococcus,  however,  had  not.  at  that  time,  been 
classified  into  distinct  groups,  and  it  is  therefore  impossible  to  know 
either  what  groups  were  prevalent  in  the  community  inoculated  or 
what  groups  were  represented  in  Sir  Almroth  Wright's  vaccine.  It  is, 
presumably,  permissible  to  infer  that  the  Pneumococcus  of  groups  "A," 
"  B,"  and  "  C  "  was  predominant  in  the  affected  population.  The 
composition  of  the  vaccine  is,  however,  less  reasonably  surmised, 
because,  although  nominally  polyvalent,  it  is  not  in  the  least  probable 
that  the  number  of  organisms  of  each  group  was  in  due  proportion, 
even  if,  as  seems  improbable,  all  the  leading  groups  were  represented; 
that  an  efficient  dose  of  eacJi  leading  pneumococcal  group  was  actually 
present  is  still  less  likely,  seeing  that  the  total  dose  inoculated  only 
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contained  one  thousand  million  cocci.  It  may  nevertheless  bfc 
reasonably  surmised  that,  in  this  particular  instance,  the  vaccine 
strains  corresponded  with  some  of  those  causing  infection  in  this 
mining  population. 

Similarly  satisfactory  results  were,  unfortunately,  unobtainable 
when  the  same  vaccine  was  very  extensively  employed  on  the  gold 
mines  of  the  Witwatersrand,  and  the  systematic  inoculation  of  the 
Natives  on  these  fields  was  therefore  temporarily  abandoned.  The 
Premier  Mine  alone,  of  all  the  mines  in  the  Transvaal,  continued  to 
employ  this  means  of  Pneumonia  prophylaxis. 

Owing  to  the  war,  work  on  the  Premier  Mine  was  suspended  in 
1914,  and  operations  were  not  resumed  on  any  large  scale  until  about 
August,  1916.  With  the  increase  in  the  number  ot  Natives,  from  this 
month  onward,  Pneumonia  again  became  rife,  and  during  September 
and  October  the  disease  began  once  more  to  assume  epidemic  propor- 
tions.    The  returns  relating  to  these  two  months  were  as  follows:  — 


TABLE  III. 

Premier   Diamond   Mine,   Pneumonia   Returns  for   September 
and  October,  1916. 


September,  1916 
October,  ,, 


Average    number 

of    Natives  Number   of 

employed.         Pneumonia    cases. 


Number   of   Pneu- 
monia deaths. 


4 
13 


I  investigated  seven  of  the  cases  which  had  been  admitted  to 
hospital  during  October,  and  found  that  Pneumococcus  of  group  '"  B  " 
was  the  infecting  organism  in  all  of  them. 

At  the  beginning  of  November,  Dr.  A.  J.  McClymont,  the  Medical 
Officer  of  the  Mine,  inoculated,  with  a  very  few  exceptions,  all  the 
Natives  resident  on  the  property,  using  for  this  purpose  a  vaccine 
containing  groups  "  A,"  "  B,"  and  "  C,"  and  having  a  total  content 
of  four  thousand  millions  of  cocci  per  dose.  These  Natives  received 
only  two  inoculations  of  this  particular  vaccine,  whilst  all  new  arrivals, 
from  this  time  onward,  were  inoculated  sul^cutaneously,  on  three 
occasions,  at  seven  days'  interval,  with  "  A,"  "  B,"  and  "  C  "  vaccine 
in  the  increased  dose  of  seven  thousand  millions  of  cocci.  The  epidemic 
ceased  immediately,  and  the  cases  and  deaths  fi'om  Pneumonia  during 
November  were  three  and  one*  respectively.  These,  then,  were  the 
circumstances   in  which   the  present  experiment  was  inaugurated,   ai: 


*  An  additional  death  occurred  in  November  of  a  Native,  included  in  the 
above  41  October  admissions,  making  the  total  of  deaths  14.  I  have  not 
included  this  one  case  in  the  statistics  relating  to  the  experimental  period. 
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experiment  which  has  been  carried  on  for  a  period  of  twelve  months. 
The  following  table  shows  the  Pneumonia  returns  from  the  mine  for  a 
number  of  years,  and  also  those  for  the  experimental  period  November, 
1916 — October,  1917,  inclusive. 

TABLE  IV. 

Premier  Diamond  Mine,  Pneumonia  Returns  for  the  Years  1908-1913, 

inclusive,  together  with  those  of  the  Experimental  Period  Xovember, 

1916— October,  1917,  inclusive. 


Pneumonia    incidence          Pneumonia     mortality 

Year. 

per    thousand    per    ann.      per    th 

ousand    per    ann. 

1908 

70-71 

14-17 

1909 

104-88 

17-97 

1910 

153-54 

28-97 

1911 

128-98 

26-94 

1912* 

67-68 

19-96 

1913* 

31-75 

4-80 

1911) 

Returns  unavailable  owing   to 

interruption 

1915/ 

of  mining  bv  the  war. 

Nov.   1916— Oc 

t.   1917 

O            t. 

(Experimental 

period) 

4-67 

0-86 

*  During  these  years  inoculation  was  carried  out  in  accordance  with  the 
principles  advocated  by   Sir  Almroth  Wright  and  his  associates. 

During  the  period  November,  1916 — October,  1917,  inclusive,  there 
were  10,507  new  arrivals,  and  the  mean  population  was  5,621.  For  all 
practical  purposes  the  entire  population  over  the  whole  period  was  a 
thoroughlj-  inoculated  one.  During  this  period  there  occurred  but 
seven  cases  of  Lobar  Pneumonia,  with  one  death,  in  Natives  who  had 
received  their  full  number  (three)  of  inoculations. 

The  returns  for  this  period,  as  shown  in  Talkie  IV.,  are  very 
striking,  even  when  compared  with  those  for  the  best  previous  year  in 
the  history  of  this  mine,  viz.,  1913,  when  thorough  inoculation  had 
been  secured  with  Sir  Almroth  Wright's  vaccine.  Owing  to  the  latter 
circumstance  it  would  be  manifestly  illogical  to  base  conclusions  as  to 
the  efficacy  of  the  present  method  on  a  comparison  with  the  returns  for 
1913;  a  comparison  should  rather  be  made  with  the  figures  relating  to 
the  years  1908-1911,  inclusive.  It  should,  however,  be  pointed  out 
that  a  certain  number  of  "  Tropical  "  Natives  were  employed  during 
part  of  the  latter  period,  and  it  is  well  known  that  the  Pneumonia 
mortality  amongst  such  labourers  is  much  higher  than  that  amongst 
Non-tropicals  ' ' ;  the  ratio  of  ' '  Tropical  ' '  employees  to  the  whole 
labour  force  was,  however,  so  small  that  their  greater  susceptibility  did 
not  materially  influence  the  gross  mortality  from  the  disease. 
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In  assessing  the  results  of  this  experiment  it  is  especially  necessary 
to  bear  in  mind  the  position  with  regard  to  Pneumonia  in  the  months 
of  September  and  October,  1916,  immediately  preceding  inoculation. 

The  evidence  which  is  relied  upon  in  connection  with  the 
experiment  on  this  mine  is  that  required  by  No.  IV.  of  the 
"  conditions  "  postulated,  in  Section  I.,  for  the  conduct  of  a 
satisfactory  experiment;  valuable  as  such  evidence  is,  it  is  nevertheless 
not  so  convincing  as  that  now  to  be  described  in  connection  with  the 
experiment  on  the  Crown  Mines. 

SECTION  IV. 
The  Crown  Mines  Experiment. 

This  mine  is  situated  in  Johannesburg,  and  is  one  of  the  largest 
of  the  gold  mines  of  South  Africa  as  regards  its  complement  of  Native 
labour;  when  such  labour  is  freely  procurable,  some  fourteen  to 
sixteen  thousand  Natives  are  resident  in  its  compounds.  This 
population  is  a  floating  one ;  the  average  length  of  service  in  the  case 
of  Portuguese  East  African  Natives  is  about  one  year,  and  in  that  of 
all  other  tribes  about  six  months.  The  proportion  of  Portuguese  Natives 
to  the  total  Native  labour  force  is  constantly  about  one-third. 

The  relative  incidence  of  and  mortality  from  Pneumonia  on  this 
property  for  the  three  years  which  preceded  systematic  inoculation  in 
1916  exceeded  the  average  rates  for  all  the  Natives  of  the  Witwatersrand 
gold  mines,*  so  that  its  past  history  in  this  respect  may  be  looked  upon 
as  distinctly  bad.  The  Annual  Keport  for  1916  of  the  Chief  Medical 
Officer  (Dr.  H.  A.  Loeser)  shows  that  the  mean  annual  death-rate  from 
Lobar  Pneumonia  on  this  mine  for  the  period  1910-1914,  inclusive, 
was  6'75  per  thousand  amongst  all  Natives  recruited  from  south  of 
22°  S.,  and  9-91  if  the  mortality  amongst  the  "  Tropical  "  Natives  be 
included. 

Notwithstanding  the  fact  that  the  last  "  Tropical  "  Natives 
arrived  on  the  mine  in  1914, f  it  is  remarkable  that  the  returns  from 
this  mine  for  1915  show  a  higher  rate  of  mortality  from  Lobar 
Pneumonia  amongst  Natives  from  south  of  22°  S.  than  in  any  previous 
year,  whilst  the  few  remaining  "  Tropical  "  Natives,  on  the  other 
hand,  experienced  a  death-rate  of  only  about  one-third  of  that 
prevailing  amongst  their  usually  less  susceptible  associates. 

In  this  report  Dr.  Loeser  states: — "In  view  of  the  very  great 
prevalence    of    Lobar    Pneumonia    amongst    the    coloured    labourers 

*  For  the  three  years  1913-1915  the  mean  annual  death-rate  from  Lobar 
Pneumonia  for  all  Native  labourers  on  mines  and  works  in  the  Transvaal  was 
6-16  per  thousand,  and  8-72  for  those  employed  by  the  Crown  Mines— deaths 
occurring  amongst  "  Tropical  "  Natives  being  included  in  both  instances. 

t  In  May,  1913,  the  further  recruiting  of  "  Tropical  "  Natives  was 
prohibited  by  law  on  account  of  their  high  death-rate,  particularly  from 
Lobar  Pneumonia;  outstanding  contracts  for  labour  were,  however,  permitted 
to  be  fulfilled. 
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on  the  Crown  Mines  at  all  times,  and  particularly  in  the 
latter  part  of  1915  ...  I  decided  to  introduce  prophylactic 
inoculation  on  a  large  scale,  and  this  was  begun  at  the  end  of  October, 
1915.  Lister's  Polyvalent  Pneumococcal  Vaccine,  suppHed  by  the 
S.A.  Institute  for  Medical  Research,  was  used  in  a  single  dose  of  2,000 
million  organisms.  New  boys  were  inoculated  on  ari'ival  and  the  rest 
of  the  complement  gradually.  By  the  beginning  of  April,  1916,  all 
boys  had  been  inoculated,  and  they  were  re-inoculated  every  three  to 
four  months.  Altogether  64,000  inoculations  were  carried  out  between 
the  end  of  October,  1915,  and  the  end  of  December,  1916."  Further 
on  he  states:  "The  reduction  in  incidence  rate  .  .  .  and  case 
mortality  has  run  parallel  with  preventive  inoculation  and  improved 
nursing.  Whether  there  is  a  causal  relation  is  matter  for  speculation." 
The  reduction  to  which  Dr.  Loeser  refers  is  illustrated  in  Table  Y., 
which  gives  the  returns  for  Pneumonia  on  the  Crown  Mines  for  a 
number  of  years.  The  marked  improvement  in  the  Pneumonia  death- 
rate  for  the  year  1916,  when  inoculation  was  systematically  practised, 
is  every  obvious. 

TABLE  V. 

Crown  Mines,  Pneumonia  Returns  {exclusive  of  "  Tropical  "  Natives) 

for  the  years  1910-1916,   inclusive,  together  with  siniilar  Returns  for 

the  Exiieri)iiental  Period  Fehruarij  1st — October  31st,  1917. 


Pneumonia  inci- 

Pneumonia  death- 

Year. 

dence-rate  per 

rate  per  thousand 

Case     mortality 

thousand  per  ann. 

per  annum. 

per  cent. 

1910 

34-04 

7-37 

21-66 

1911 

33-78 

6-44 

19-07 

1912  (a) 

23-20 

5-78 

24-90 

1913 (b) 

28-86 

7-64 

26-49 

1914  (c) 

26-48 

6-60 

24-92 

1915 

41-17 

8-33 

20-23 

1916  (d) 

24-82 

4-01 

16-15 

Feb.  1st  to  Oct. 

31st,  1917 

13-89 

2-95 

21-21 

(a)  A  large  number  of  "Tropical"  Natives  were  inoculated  during  this 
year  by  vSir  Almroth  AVright. 

(b)  Approximately  three-fifths  of  the  Portuguese  East  African  Natives 
and  British  Basutos  resident  on  the  mine  were  inoculated  with  Sir  Almroth 
Wright's  vaccine. 

(c)  Over  a  period  of  four  months  every  alternate  new  arrival  was 
inoculated  once  with  a  specific  group  vaccine  (Lister)  consisting,  in  this 
instance,  of  a  broth  culture  containing  five  specific  groups  of  the  Pneumo- 
coccus.  with  a  total  content  of  2,000  millions  of  organisms  per  dose.  A 
statistical  criticism  of  the  results  of  this  experiment  was  published. ^ 

(d)  The  whole  Native  labour  force  was  systematically  inoculated 
throughout  this  year  with  "Lister's  Polyvalent  Vaccine,"  wliich  in  this 
instance  consisted  of  a  suspension  of  bacterial  bodies  in  normal  saline,  five 
specific  pneumococcal  groups  being  employed,  and  the  total  content  being 
2,000  millions  of  organisms  per  dose, 
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Such  then  had  been  the  circumstances  with  regard  to  the  prevalence 
of  Pneumonia  at  the  time  of  the  initiation  of  this  experiment  on 
February  the  1st,  1917.  From  this  date  all  new  arrivals  were 
inoculated  thrice  with  the  vaccine  and  by  the  method  described  in 
Section  II.  ;  the  experiment  extended  over  a  period  of  nine  months. 
The  total  number  of  new  arrivals  during  the  nine  months  was  10,866, 
and  of  these  3,007  had  again  left  the  mine  before  the  end  of  the 
experiment ;  such  departures  were  naturally  more  numerous  during  the 
later  months  of  the  experimental  period  owing  to  the  expiration  of  the 
contracts  of  service. 

From  Table  V.  it  will  be  seen  that  the  case  mortality  was  higher 
for  the  experimental  period  than  for  the  preceding  year;  this  is 
attributable  to  the  high  case  mortality  which  prevailed  amongst  the 
Natives  who  were  already  resident  on  the  property  previous  to  the 
initiation  of  the  experiment.  That  this  explanation  is  valid  becomes 
apparent  when  we  analyse  the  returns  for  the  two  groups,  as  follows:  — 


TABLE  VI. 


No.   of  ca.ses  of 

No.   of 

deaths  from 

Case    mortality 

Lobar   Pneumonia. 

Lobar 

Pneumonia. 

per  cent. 

Natives    not    be- 

longing to  experi- 
mental group  ... 

49 

17 

34-7 

Natives    belong- 

ing    to     experi- 
mental group  ... 

82 

12 

14-63 

The  mine  is  easily  accessible  from  the  Institute,  and  I  was  able  to 
visit  it  daily;  these  favourable  circumstances  permitted  the  systematic 
carrying  out  of  a  laboratory-controlled  investigation  over  the  whole 
period,  thus  fulfilling  the  requirements  of  Clause  III.  in  my  scheme  of 
"  satisfactory  conditions  "  detailed  in  Section  I.  In  Table  VII.  will 
be  found  an  analysis  of  all  the  cases  of  Lobar  Pneumonia  which 
occurred  amongst  the  inoculated  population,  showing  the  number  of 
cases  associated  with  the  various  pneumococcal  groups.  The  total 
number  of  cases  was  82,  and  of  these  12  terminated  fatally. 
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The  method  employed  for  the  purpose  of  group  identification  of  the 
strains  is  sufficiently  detailed  in  Section  I. 

It  may  be  remarked  that  those  cases  of  Lobar  Pneumonia  which 
ended  in  recovery  yielded  a  larger  number  of  unclassifiable  strains  of 
the'  Pneumococcus  than  I  had  anticipated.  The  symptoms  associated 
with  these  infections  were  usually  extremely  mild;  on  the  other  hand, 
ten  of  the  twelve  cases  which  terminated  fatally  were  due  to  infection 
by  classifiable  strains,  and  the  remaining  two,  shown  in  the  table  as 
"  unclassifiable,"  had  unfortunately  been  lost  before  I  had  discovered 
the  existence  of  the  groups  "  J  "  and  "  K  " ;  the  opportunity  of 
identifying  these  two  cases  with  either  one  or  the  other  of  these  new 
groups  had  not,  therefore,  presented  itself.  It  is  significant  that  all  of 
five  strains  which  I  recovered  from  fatal  cases  of  Pneumonia,  and 
which  would  have  been  "  unclassifiable  "  prior  to  my  discovery  of  these 
two  groups,  were  at  once  found  to  belong  to  either  one  or  the  other  of 
them. 

The  most  striking  fact  disclosed  in  Table  VII.  is  the  entire  absence 
of  any  representative  of  groups  "A,"  "  B,"  or  "  C  "  amongst  this 
large  number  of  consecutive  cases  of  Lobar  Pneumonia ;  as  previously 
stated,  I  have  definitely  established  the  fact  that,  under  normal 
circumstances,  these  three  groups  are  together  responsible  for  from  63 
to  77  per  cent,  of  all  cases  of  Lobar  Pneumonia  in  the  Native  mine 
labourers  of  South  Africa.  Since  this  particular  population  had  been 
inoculated  with  a  vaccine  containing  only  the  Pneumococcus  of  these 
three  groups  I  have  no  hesitation  in  maintaining  that  the  inoculation 
stands  in  direct  causal  relation  to  the  results.  The  strict  immunological 
specificity  of  these  pneumococcal  groups  is  also  further  confirmed  by 
these  results. 

It  would,  of  course,  be  inaccurate  to  say  that  at  least  60  per  cent, 
of  these  80  investigated  cases  would,  but  for  the  inoculation,  have  been 
due  to  groups  "A,"  "  B,"  and  "  C  "  collectively.  The  coiTect  way 
of  estimating  the  probabilities  is,  I  think,  to  assume  that,  since  some 
40  Pneumonias  due  to  strains  other  than  "A,"  "  B,"  and  "  C  "  are 
found  in  normal  circumstances  to  be  associated  with  some  60  other 
cases  due  to  "A,"  "  B  "  and  "  C  "  collectively,  about  120  cases  of 
"  A,"  "  B,"  and  "  C  "  Pneumonia  would  have  occurred  amongst  these 
inoculated  Natives  during  the  nine  months. 

An  inspection  of  the  investigation  results  for  1917,  in  Table  I., 
shows  that  Pneumonia  due  to  groups  '"A,"  "B"  and  "C"  was 
actually  prevalent  amongst  (uninoculated)  Natives  on  various  mines 
during  the  time  that  the  experiment  on  the  Crown  Mines  was  in 
progress,  and,  furthermore,  that  it  constituted  about  63  per  cent,  of 
the  cases  investigated. 

I  had  not  anticipated  so  complete  an  abolition  of  "  A,"  "  B,"  and 
"  C  "  Pneumonia,  because  the  Natives  had  not  received  their  first 
inoculation  until  after  their  arrival  at  the  mine,  although  usually  within 
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twent^'-four  hours  of  that  event.  As  there  were  10,866  fresh  arrivals 
during  the  experimental  period  it  is  more  than  likeh-  that  a  few  would 
have  arrived  during  the  incubation  period  of  their  infection  by  these 
strains;  either  this  was  not  the  case,  or  their  first  inoculation  aborted 
the  impending  attack. 

Such  a  sequence  of  cases  of  Lobar  Pneumonia  in  Natives  without 
the  occurrence  of  a  single  case  due  to  Pneumococcus  "A,"  "  B  "  or 
"  C  "  must  be  unique,  and  would  probably  never  occur  in  the  absence 
of  this  specific  prophylactic  factor.  The  results  of  this  experiment 
alone  constitute,  to  my  mind,  a  proof  of  the  eificacy  of  this  particular 
method  of  prophylactic  inoculation  against  Lobar  Pneumonia. 

Statistical  investigations  as  to  the  value  of  preventive  inoculation 
against  Lobar  Pneumonia  have  hitherto  been  based  upon  the 
assumption  of  the  oneness  of  the  Pneumococcus  which  causes  this 
disease.  If  this  assumption  were  to  be  made  in  dealing  with  the 
present  returns  from  the  Premier  and  the  Crown  Mines  it  is  evident 
that  the  conclusions  arrived  at  would  be  entirely  erroneous,  for  the 
fact  of  the  complete  abolition  from  the  Crown  Mines  of  Pneumonia  due 
to  the  vaccine  groups  would  not  be  disclosed.  It  is  evident  that  full 
use  must  be  made  of  the  discriminations  made  possible  by  recent 
serological  advances  whenever  statistical  comparisons  are  attempted  in 
the  domain  of  preventive  medicine. 


SECTION  V. 

The  Dc  Beers  Diamond  Mines  Experiment. 

The  De  Beers  Mines  are  situated  at  Kimberley,  in  the  Cape 
Province,  about  three  hundred  miles  from  Johannesburg.  The  number 
of  Natives  employed,  in  ordinary-  times,  is  about  13,000;  at  present 
only  about  7,400  are  working  on  those  of  the  De  Beers  Mines  which 
are  included  in  this  experiment. 

As  with  the  Premier  Diamond  Mine,  so  here  also.  Lobar  Pneumonia 
has  been  a  scourge  for  a  number  of  years.  The  following  t-able 
sufficiently  indicates  the  prevalence  of  the  disease:  — 
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The  returns  given  in  the  preceding  table  indicate  a  far  greater 
incidence  of  and  mortahty  from  Lobar  Pneumonia  amongst  the 
underground  workers  than  among  the  workers  on  the  surface.  The 
same  pecuharity  is  well  known  to  exist  on  the  gold  mines  of  the 
Witwatersrand,  but  the  difference  in  the  liability  of  the  two  classes  of 
workers  on  these  latter  mines  is  less  than  at  the  De  Beers  ]\Iines.  This 
peculiarity  is  so  constant  and  so  well  marked  that  but  little  acumen 
is  required  to  arrive  at  the  conclusion  that  the  phenomenon  is  due  to 
some  factor,  or  factors,  inherent  in  the  conditions  of  under f^round 
employment.  Many  explanations  for  this  greater  liability  have  been 
suggested  from  time  to  time,  e-g-,  inefficient  ventilation,  the 
exhausting  nature  of  the  work,  the  irritation  produced  by  inhaling  dust 
and  the  fumes  of  explosives,  the  exposure  to  rapid  variations  of 
temperature,  etc.  The  remedies  hitherto  proposed  have  been  as  various 
as  the  explanations  offered,  and  have  been  equally  speculative  in 
character.  It  is  not  an  exaggeration  to  say  that  volumes  could  be 
compiled  of  published  literature  of  this  class;  the  one  essential  which 
is  lacking  from  all  these  efforts,  however,  is  any  evidence  of  an  attempt 
having  been  made  to  submit  the  particular  hypothesis  to  experimental 
proof.  The  very  existence  of  the  vera  causa  of  the  disease  appears, 
moreover,  to  be  almost  ignored  in  all  these  misty  speculations.  One 
thing  is  certain,  that  Lobar  Pneumonia  is  usually  the  result  of 
invasion  by  the  Pneumococcus;  this  being  so,  it  seems  to  me  more 
profitable  to  raise  the  resisting  powers  of  the  individual  against  this 
organism  than  to  attempt  to  remove  a  large  number  of  speculative 
environmental  influences,  some  of  which  are  practically  ineradicable. 
These  remarks  should  not  be  construed  to  imply  that  I  advocate  a 
disregard  of  proper  hygienic  standards,  but  that  I  consider  that  thev 
should  take  a  subordinate  place  to  specific  prophylactic  procedures. 

I  visited  the  De  Beers  Mines  during  February,  1917,  and 
investigated  a  number  of  cases  of  Pneumonia.  The  Pneumococcus  of 
groups  "  A,"  "  B  '"  and  "  C  "  was  found  to  be  prevalent  there,  as  on 
the  gold  mines.  I  also  established  the  existence  and  identity  of 
another  group,  which  I  designated  "  H  ";  during  my  short  visit  (less 
than  one  month)  four  cases  with  two  deaths  occurred  which  were  due 
to  infection  by  this  group.  This  fact  led  to  my  using,  on  the  De  Beers 
Mines,  a  vaccine  containing  a  representative  of  groups  "A,"  "  B," 
"  C,"  and  ''  H,"  with  a  total  content  of  eight  thousand  millions  of 
organisms  per  dose  of  1  e.c. 

The  experimental  period  began  on  May  the  1st,  and  ended  on 
October  the  31st,  1917.  During  these  six  months  all  new  arrivals 
(totalling  6,466)  were  inoculated  subcutaneously,  on  three  occasions, 
and  at  seven  days'  intervals  with  the  vaccine.  The  average  length  of 
service  on  these  mines  is  only  about  five  months,  and  by  the  end  of 
the  experimental  period  797  of  the  6,466  new  arrivals  who  had  been 
inoculated  had  already  left  the  mines. 

The  experiment,  unlike  those  on  the  Premier  and  Crown  Mines, 
was  initiated  in  a  large  iniinocuJated  community.  The  uninoculated 
population    numbered   some    7,400     Natives,     and     these     people,     in 
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accordance  with  the  principle  of  inoculating  only  the  new  arrivals, 
received  no  prophylactic  injections.  In  consequence  of  this  fact,  and 
also  on  account  of  the  relative  shortness  of  the  experimental  period,  the 
ratio  of  inoculated  to  uninoculated  Natives  did  not  become  very  large 
until  towards  the  end  of  the  experimental  period.  These  considerations 
justify  the  conclusion  that  the  maximum  effects  of  the  system  of 
inoculation  had  not  developed  by  the  end  of  the  experimental  j^eriod ; 
the  returns  recorded  in  Table  IX.  afford,  however,  very  suggestive 
collateral  evidence  of  its  beneficial  results.  The  returns  in  this  table 
are  given  in  a  form  different  to  that  in  previous  tables,  but  the  greater 
detail  in  which  they  appear  affords,  in  the  circumstances,  a  truer 
estimate  of  the  results  obtained. 

Table  IX.  shows  that  in  May  (the  month  in  which  inocu- 
lation commenced)  the  incidence  and  mortality  amongst  the 
uninoculated  residents  increased  very  pronouncedly ;  this  marked 
increase  was,  however,  short-lived,  and  in  the  following  month  the 
number  of  deaths  from  Pneuraonia  was  lower  than  in  any  preceding 
month  of  the  year;  this  improvement  was  maintained  throughout  the 
remaining  months  of  the  experimental  period. 

When  it  is  considered  that  Pneumonia  was  unusually  prevalent 
among  the  uninoculated  during  the  first  month  of  the  inoculation  experi- 
ment, and, bearing  in  mind  the  admittedly  greater  susceptibility  of  new 
arrivals  to  this  disease,  one  may  be  permitted  to  hold  the  opinion  that 
the  results  are,  so  far,  very  encouraging.  These  results  are,  moreover, 
not  inconsistent  with  my  previously  expressed  views  concerning  the 
benefit  conferred  on  the  uninoculated  population  by  the  systematic 
inoculation  of  all  new  arrivals.  It  can  be  predicted  with  some 
confidence  that  the  returns  for  a  completed  inoculation  year  will  show 
a  lower  death  rate  from  Lobar  Pneumonia  on  these  mines  than  has 
ever  been  approached  by  them  previously.  Further  investigations  of 
the  "  residual  deaths  "*  will  disclose  what  group,  or  groups,  of  the 
Pneumococcus  are  responsible  for  them ;  it  should  then  be  possible  to 
bring  about  a  further  and  still  more  substantial  reduction  in  the 
Pneumonia  death-rate. 

SECTION  VI. 

Discussion. 

The  extent  to  which  the  mortality  from  Lobar  Pneumonia  has 
been  reduced  on  each  of  the  three  experimental  mines,  coincidently 
with  systematic  use  of  a  specific  group  vaccine,  has  been  shown  in  the 
preceding  sections.  The  complete  abolition  of  "A,"  "  B  "  and  "  C  " 
Pneumonia  on  the  Crown  Mines,  following  upon  the  immunization  of 
the  Native  labour  force  with  a  vaccine  containing  a  representative  of 
these  three  groups  only,  removes  the  question  of  the  efficacy  of  this 

*  The  expression  "  residual  deaths  "  is  intended  to  signify  those  deaths 
from  Lobar  Pneumonia  in  which  the  infection  was  caused  by  any  group  of 
the  Pneumococcus  other  than  those  contained  in  the  vaccine. 
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procedure  from  the  realm  of  speculation  to  that  of  certainty.  It  is, 
however,  by  no  means  desirable  that  our  efforts  should  end  at  this 
point.  There  are  still  a  number  of  cases  of  and  deaths  from  Pneumonia 
on  the  Crown  Mines,  in  spite  of  the  complete  abolition  of  all  those  due 
to  the  Pneumococcus  of  groups  "A,"  "  B  "  and  "  C."  It  is  very 
necessary  to  deal  with  these  "  residual  "  cases,  and  there  is  a 
likelihood,  amounting  almost  to  certainty,  that  this  is  both  a  possible 
and  practicable  undertaking.  Inspection  of  Table  VII.  shows  that 
during  a  period  of  nine  months  there  were  twelve  deaths  amongst  the 
inoculated  population  on  the  Crown  Mines,  and  that  ten  of  these  were 
due  to  the  Pneumococcus  belonging  to  one  or  other  of  the  groups  "  E  " 
(Pneumococcus  mucosus),  "  H,"  "  J  "  or  "  K."  The  way  to  further 
progress  lies,  therefore,  in  the  inclusion  in  future  vaccine  of  repre- 
sentatives of  these  groups  in  addition  to  those  of  "A,"  "  B  "  and 
C."  An  increase  of  the  total  number  of  cocci  in  each  dose  will,  in 
these  circumstances,  probably  be  necessary;  due  care  must  be  taken, 
however,  that  the  strains  employed  are  not  so  numerous  as  to  prejudice 
the  establishing  of  an  adequate  immunity  against  each. 

When  a  more  comprehensive  vaccine,  as  suggested  above,  is  in 
sj'stematic  use,  a  sustained  investigation  of  the  comparatively  few  fatal 
cases  of  Pneumonia  that  may  still  occur  should  rapidly  lead  to  the 
identification  of  any  further  group  of  the  Pneumococcus  that  has 
hitherto  been  obscured  by  the  mass  of  material  associated  with  the 
commoner  groups. 

Although  no  returns  have  been  specially  obtained  to  elucidate  the 
possible  effect  of  this  inoculation  upon  the  prevalence  and  characters 
of  Pneumococcal  Meningitis,  and  other  forms  of  pneumococcal  disease 
other  than  Lobar  Pneumonia,  beneficial  results  have  most  probably 
arisen.  It  is  a  significant  fact  that  on  the  Crown  Mines  the  death-rate 
from  ■'  Meningitis  "  has  fallen  to  a  point  never  previously  approached. 

Man}'  people  hold  the  opinion  that  Lobar  Pneumonia  predisposes 
to  Pulmonary  Tuberculosis,  and  the  late  Dr.  G.  A.  Turner  (Medical 
Officer  of  the  Witwatersrand  Native  Labour  Association)  was  a  strong 
supporter  of  this  hj-pothesis ;  I  am  personally  unaware  of  any  entirely 
reliable  evidence  on  the  point,  but  if  the  supposition  be  a  correct  one 
then  the  prevention  of  Pneumonia  in  mine  Natives  will  have 
unexpectedly  far-reaching  effects. 

This  report  deals  with  Pneumonia  prophylaxis  as  it  affects 
Natives;  in  Europeans,  at  all  events  in  Johannesburg,  I  regard  the 
problem  as  far  simpler,  inasmuch  as  Pneumonia  in  the  latter  is  most 
commonly  due  to  one  group  only,  viz.,  "  C  ";  it  follows  that  a  vaccine 
for  their  use  need  not  contain  so  many  strains,  and  consequently  a 
smaller  total  number  of  organisms. 

An  investigation  of  the  bacteriology  of  the  Broncho-pneumonia 
which  frequently,  and  the  Lobar  Pneumonia  which  occasionally, 
complicates  an  attack  of  Measles  might  prove  of  some  advantage  ;  for 
if   it   be   found   that   these  intercurrent   diseases   are    usuallv    due    to 
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infections  with  specific  pneumococcal  groups,  a  timely  immunization 
at  the  onset  of  the  disease  (Measles)  might  prevent  a  number  .of  the 
fatalities  in  children. 

I  have  not  lost  sight  of  the  fact  that  a  reduction  of  the  mortality 
from  Pneumonia  has  occurred  of  late  amongst  the  whole  population 
of  Native  mine  labourers  in  the  Transvaal.  This  is  especially  obvious 
during  the  present  year,  and  critics  have  lost  no  time  in  expressing 
the  opinion  that  this  fact  indicates  that  the  reduction  recorded  on  the 
experimental  mines  is  merely  part  of  a  general  decrease  due  to  natural 
causes.  This  bare  expression  of  opinion,  however,  constitutes  a  very 
glaring  instance  of  suppressio  veri,  for  the  fact  that,  whilst  there  is  a 
total  of  about  200,000  Native  labourers,  nearly  three  hundred  thousand 
doses  of  pneumococcal  vaccine  have  been  issued  by  this  Institute  for 
their  prophylactic  inoculation  during  the  past  twenty-two  months,  is 
ignored.  Until  the  statement  that  "  A,"  "  B  "  and  "  C  "  Pneumonia 
has  been  completely  abolished  under  experimental  conditions  is 
refuted,  all  such  speculative  criticism  is  futile  and  scarcely  deserves 
serious  consideration. 

There  is  no  doubt  that  the  ventilation  of  underground  workings 
has  been  improved  on  many  mines  within  recent  years,  and  the  dust- 
content  of  mine  air  has  been  greatly  lessened,  and  these  are  hygienic 
improvements  to  which  one  might  reasonably  ascribe  some  of  the 
recent  decline  in  the  Pneumonia  mortality;  but  if  this  assumption  is 
correct  how  can  the  high  mortality  which  preceded  inoculation  on  the 
Premier  Diamond  Mine  be  accounted  for?  This  mine  is,  to  all  intents 
and  purposes,  a  relatively  shallow  and  open  pit,  about  300  feet  in 
depth,  half  a  mile  in  length,  a  quarter  of  a  mile  in  breadth  at  the 
surface,  and  with  a  floor-area  of  seventy-eight  acres;  inadequate 
ventilation  could  hardly  be  accounted  the  responsible  factor  in  this 
instance.  Again,  Tuberculosis,  which  should  also  respond  to  such 
improvements  in  mine  hygiene,  is  unfortunately  increasing  rather  than 
declining  amongst  the  Native  mine  labourers. 

Although  the  general  death-rate  from  Pneumonia  amongst  all  mine 
Natives  has  admittedly  fallen  during  the  last  eighteen  months  it  still 
remains,  nevertheless,  considerably  greater  than  that  now  prevailing 
amongst  the  Native  populations  of  the  three  experimental  mines ;  and 
in  making  such  a  comparison  it  must  be  remembered  that  the  relative 
Pneumonia  mortality  for  these  three  mines,  prior  to  inoculation, 
consistently  exceeded  the  rate  for  all  the  Native  labourers  of  the 
Transvaal. 

Without  attempting  to  discuss  in  detail  all  the  circumstances 
associated  with  this  general  decline  in  Pneumonia  mortality,  I  desire 
to  draw  attention  to  the  following  facts :  The  Pneumonia  death-rate 
officially  published  every  month  by  the  Native  Labour  Department 
of  the  Government  refers  to  all  Native  labourers  employed  on  mines 
and  works  in  the  proclaimed  labour  districts  of  the  Transvaal;  it 
therefore  includes  the  Crown  and  Premier  Mines,  where  the  Pneumonia 
mortality    has     greatly     decreased     consequently     upon     prophylactic 
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inoculation.  On  several  other  Transvaal  mines — having  a  total 
complement  of  some  fifty  thousand  Natives — inoculation  of  all  new 
arrivals  has  been  systematically  practised  for  as  long  a  period,  in  some 
cases,  as  two  years.  And  lastly,  the  number  of  Natives  employed  on 
works  other  than  mines  has  greatly  increased  during  the  last  two  years ; 
such  Natives  suffer  from  Pneumonia  to  an  insignificant  extent  as 
compared  with  the  mine  labourers. 

I  do  not  wish  to  suggest  that  the  whole  of  the  recent  improvement 
in  the  mortality  from  Pneumonia  can  be  accounted  for  by  these 
circumstances,  but  collectively  they  must  have  had  a  considerable 
effect,  'and  the  criticisms  referred  to  above  must  carry  the  stigma  of 
prejudice  so  long  as  important  considerations  of  this  nature  are 
studiously  avoided. 

The  fact  that  the  recent  decline  in  the  Pneumonia  death-rate  has 
been  general  is  the  only  line  of  attack  left  to  those  who  cannot  see  any 
hopeful  prospect  in  Pneumonia  prophylaxis.  The  argument  is,  in  my 
opinion,  a  weak  one,  since  it  ignores  evidence  upon  which  absolute 
reliance  can  be  placed,  viz.,  that  the  prevalent  group-types  of 
Pneumonia  have  been  abolished  by  the  inoculation  of  a  vaccine 
comprising  homologous  pneumococcal  groups. 

The  future  will  most  assuredly  prove  that  when  inoculation  is 
carried  out  with  a  vaccine  containing  certain  additional  groups  of  the 
Pneumococcus,  Lobar  Pneumonia  will  become  an  almost  negligible 
factor  in  the  general  mortality  from  disease. 


SECTION  VIl. 

Conclusions. 

(1)  That  from  63  to  77  per  cent,  of  all  cases  of  Lobar  Pneumonia 
occurring  under  normal  conditions  in  Native  mine  labourers  in  the 
Transvaal  are  caused  by  the  Pneumococcus  of  one  or  other  of  the 
groups  "A,"  "  B  "  or  "  C." 

(2)  That  Native  mine  labourers  who  have  been  suitably  inoculated 
with  a  vaccine  comprising  certain  pneumococcal  groups  are  immune 
from  Lobar  Pneumonia  due  to  such  groups. 

(3)  That  three  subcutaneous  inoculations  of  one  c.c.  of  a  vaccine 
containing  representatives  of  groups  "A,"  "  B  "  and  "  C,"  and 
having  a  total  content  of  seven  thousand  millions  of  cocci  per  c.c,  have 
rendered  a  large  Native  mine  population  (Crown  Mines)  absolutely 
resistant  to  pneumonic  infection  by  any  of  these  groups  during  the 
observed   experimental  period  of  nine  months. 

(4)  That  during  the  experimental  period,  when  Pneumonia  due  to 
groups  "A,"  "  B  "  and  "  C  "  had  been  completely  abolished  on  the 
Crown  Mines,  these  three  groups  were  still  prevalent  (in  about  their 
normal  ratio  to  all  groups)  amongst  the  pneumonic  Natives  on  those 
mines  where  inoculation  was  not  practised. 
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(5)  That  the  unequivocal  character  of  the  results  obtained  on  the 
Crown  Mines  suggests  that  triple  inoculation  with  a  three-group  vaccine 
in  doses  of  less  than  seven  thousand  millions  of  cocci  would  probably 
afford  an  efficient  immunity  against  these  three  groups. 

(6)  That  the  Pneumococcus  of  groups  "E,"  "H,"  "J,"  and 
"  K  "  are  probably  of  sufficient  epidemiological  importance  to  warrant 
their  being  included  in  future  vaccine  intended  for  Native  mine 
labourers. 

(7)  That  the  alteration  of  relative  group  prevalence  by  means  of 
specific  group  inoculation  is  a  more  critical  test  of  the  efficacy  of 
Pneumonia  prophylaxis  than  the  simultaneous  comparison  of 
Pneumonia  rates  in  inoculated  and  uninoculated  (control)  groups — 
when  such  comparison  is  based  upon  the  erroneous  assvimption  that 
all  cases  of  the  disease  due  to  the  Pneumococcus  are  bacteriologically 
indistinguishable . 
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A  SURVEY  OF  THE  INTESTINAL  ENTOZOA,  BOTH 

PROTOZOAL  AND  HELMINTHIC,  OBSERVED 

AMONG  NATIVES  IN  JOHANNESBURG, 

From  JUNE  to  NOVEMBER,  11)17. 


I.— IXTKODL'CTIUX. 

lu  a  tropical  or  bub-tropical  eountry,  where  tiiere  is  a  large 
resident,  yet  fluctuating,  native  population,  as  \ve\\  as  a  European 
eommunit}',  it  is  desirable  to  have  definite  infonnatijn  as  to  what 
intestinal  animal  parasites  are  present  among  the  coloured  races,  and 
the  possibilities  of  sporadic  or  epidemic  diseases  of  entozoal  origin 
that  may  arise  among  these  people. 

During  the  six  months  June  to  November,  1917,  I  was  engaged  in 
a  systematic  examination  of  the  stools  of  male  Natives  in  hospital  in 
Johannesburg,  whether  for  surgical  or  medical  reasons,  suffering 
chiefly-  from  other  than  intestinal  complaints,  while  the  stools  of  a 
smaller  number  of  similarly  circumstanced  white  men  were  examined 
for  Entozoa.  A  small  number  of  dysenteric  stools  were  also  examined, 
which  may  be  considered  as  representative  of  those  cases  of  dysentery 
which  normally  occur  among  the  indigenous  population  under  non-war 
conditions.  A  detailed  examination  of  the  protozoal  and  helminthic 
contents  of  the  intestines  of  over  100  Natives  examined  post  tnortem 
was  also  made.  The  work  enables  a  preliminary  statement  to  be  made 
as  to  the  nature  and  distribution  of  the  animal  parasites  among  the 
Natives.  It  further  sheds  some  light  on  the  existence  of  a  very  limited 
protozoal  fauna  that  may,  perhaps,  be  considered  normal  to  the  human 
intestine,  although  exceedingly  limited  in  extent  as  compared  with 
the  abundant  bacterial  flora  that  is  usually  present.  Definite  inform- 
ation as  to  the  action  and  effects  of  certain  })arasitic  Protozoa  upon 
the  human  intestine  has  also  been  obtained. 

The  results,  while  not  indicating  the  presence  of  parasites  causing 
diseases  of  marked  economic  importance,  yet  clearly  indicate  that 
certain  Protozoa  do  occur,  e.g.,  Giardia  (Lamhlia)  intestinalis,  which, 
under  circumstances  causing  general  lowered  vitality  among  many 
Natives,  would  multiply  rapidly,  and  produce  intestinal  diseases,  such 
as  diarrhoea,  in  epidemic  form.  Several  comments  regarding  such 
Entozoa  will  be  found  in  the  paper. 

While  careful  work  \A-as  done  bj  the  late  Dr.  G.  A.  Turner 
(1907,  1910)  in  connection  with  the  helminthic  parasites  occurring 
among  mine  natives,  the  present  paper  deals  with  both  protozoal  and 
helminthic  parasites,  not  only  of  mine  boys  but  also  of  the  inhabitants 
of  the  city  as  represented  in  the  native  wards  of  the  Joharmesburg 
Hospital.  It  is  believed  to  be  the  first  detailed  account  of  the  parasitic 
Protozoa  observed  in  the  intestines  and  stools  of  Natives  ^^■orking  on 
the  Witwatersrand. 
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II.— MATERIAL  AND  MEllIODS. 

As  before-mentioned,  the  stools  exauiined  were  those  of  male 
patients  in  the  native  wards  of  the  General  Hospital,  Johannesburg; 
cases  of  amoebic  dysentery  form  only  a  small  part  of  the 
investigation,  though  such  stools  were  examined  microsco}iically  and 
in  some  cases  everj^  day  throughout  the  illness.  At  a  minimum, 
three  examinations  were  made  of  the  stools  of  each  patient  at  intervals 
during  his  stay  in  hospital,  and  the  total  protozoal  and  helminthic 
content  was  thus  estimated  in  each  case.  The  history  of  the  patient 
was  ascertained,  and  the  details  noted. 

In  each  case,  a  stool  passed  soon  after  the  patient  was  admitted 
to  hospital  was  examined.  In  accordance  with  the  hospital  routine,  an 
aperient,  such  as  magnesium  sulphate,  was  given  to  each  patient  on 
admission;  the  first  stool  was  thus  practically  fluid,  and  its  entozoal 
content  compi'ised  representatives  of  the  great  majority  of  the  animal 
parasites  present  in  the  intestinal  canal.  Subsequent  examinations 
sometimes  revealed  the  presence  of  additional  entozoa,  but  after  a 
number  of  cases  in  which  daily  examinations  were  made  for  twenty 
days,  the  conclusion  was  reached  that  in  the  majority  of  cases  the 
additional  examinations  yielded  no  more  parasites  than  the  first  three 
had  done. 

The  metliod  of  examination  was  as  follows: — A  bedpan  froui  eacli 
patient  was  kept  by  the  ward  orderly,  labelled  with  the  name  of  the 
ward  and  bed  number  of  the  patient,  and  deposited  in  a  small  room 
I)rovided  with  water,  lavatory  sinks,  etc.  In  the  morning  I  went  to 
this  room  and  examined  the  stools  thus  saved.  In  each  case,  a  small 
liottle  or  swab  was  used,  and  a  typical  sample  of  the  stool  placed 
therein,  special  care  being  taken  to  include  mucus  or  blood,  if  present, 
tapeworm  segments  and  any  other  obvious  helminthic  parasites.  A 
note  was  made  as  to  the  general  nature  of  the  stool.  The  average 
sample  of  stool  thus  secured  was  about  10  c.c.  in  volume.  The 
remainder  of  the  stool  was  then  broken  up  and  sedimented  in  order  to 
detect  worms,  if  present.  Finalh-,  the  history  of  the  patient  was 
obtained  from  his  bed-letter.  The  detailed  examination  of  the  faeces 
v.as  made  in  the  laboratory  at  the  adjoining  S.A.  Institute  for  Medical 
Research.  Fresh  preparations  were  always  employed,  and  were 
examined  in  the  ordinary  way,  while  in  some  cases  the  paraboloid 
condenser  was  also  used.  Stained  preparations  were  made  in  special 
cases. 

(,'oncentiation  methods  for  the  detection  of  protozoal  cysts  and 
helminthic  ova  were  also  tried,  but  it  was  found  that  such  were  of 
relatively  little  service,  and,  as  they  took  too  long  for  practical  purposes, 
they  were  abandoned  after  a  time. 

It  will,  perhaps,  be  convenient  to  consider  first  the  parasites  found 
in  stools,  and  then  those  defected  at  post-mortem  examinations. 
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I  would  wish  here  to  return  hearty  thanks  to  Dr.  Watkins- 
Pitchford,  Director  of  the  Institute,  aud  to  the  Superintendent  of  the 
Johannesburg  Hospital  and  his  staff,  particularly  to  Sisters  Cassidy 
and  O'Eafferty,  for  the  cordial  co-operation  which  has  greatly  facih- 
tated  my  work. 

The  post-mortem  examinations  of  intestines  were  made  at  the 
laborator}^  of  the  S.A.  Institute  for  Medical  Kesearch  ;  the  deceased 
subjects  were  "  mine  boys,"  or  verj-  occasionally  new  recruits,  who 
had  died  at  the  Hospital  of  the  Witwatersrand  Native  Labour  Associa- 
tion. 

Scrapings  of  the  intestinal  mucosa  were  examined  from  pylorus 
to  anus,  as  well  as  preparations  of  the  intestinal  contents.  The 
history  of  each  case  examined  was  also  obtained.  I  would  thank  most 
heartily  Dr.  A.  I.  (lirdwood  and  Dr.  A.  Percival  Watkins,  of  the 
W.N.L.A.  Hospital,  for  theii'  invariable  kindness  and  courtesy  to  me 
ill  coimection  with  this  woi-k. 


SFA'TIOX  A.—i-:XT(>Z()A  ForXh   IX  STOOLS. 

TIL— DISTRUiT'TIOX  OF  F.ECAL  EXTOZOA  A^IOXGST  THE 
VAEIOUS  TRIBES  EXAMINED. 

As  a  result  of  detailed  examination  of  the  stools  of  Xatives  of  the 
various  races,  tribes  or  divisions  of  tribes,  set  forth  in  Table  I  overleaf, 
it  was  found  that  56-8  per  cent,  of  those  examined  contained  parasitic 
Protozoa,  or  Helminthes,  or  both.  Single  infections,  that  is,  infections 
with  one  species  of  organism  only,  occurred,  both  Protista  and 
Helminthes  being  represented.  Double  infections  consisted  either  of 
two  kinds  of  Protist  or  of  one  Protist  and  one  Helminth,  double 
helminthic  infections  not  being  found  in  stools  of  hospital  patients, 
though  a  few  instances  were  observed  post  mortem.  The  multiple 
infections  consisted  of  three  or  more  Protists,  or  of  two  or  more 
Protists  and  one  Helminth  found  in  the  same  stool. 

In  the  adjoined  table,  the  nund^er  of  infected  patients  cxaminrd 
of  each  race,  tribe,  or  division  of  tribe  is  indicated,  together  witli  tlu' 
number  actually  found  to  be  infected,  and  the  character  of  the 
infection  (whether  single  Protist,  single  Helmintli,  double  or  multiple 
entozoal  infections). 

The  term  "  Protist  "  is  used  throughout  to  comprise  parasitic 
Protozoa  in  the  restricted  sense,  togethei'  witli  Spirochit-tacea  and 
131astocvstis. 
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From  Table  1  it  will  be  seen  that  one  or  more  parasites  were 
harboured  by  a  relatively  large  proportion  of  the  Natives,  the  Protista 
being  far  more  numerous  than  the  Helminthes.  The  largest  number 
of  Natives  examined  belonged  to  the  Zulu  race,  while  Msutus,  Cape 
coloured  persons,  Basutos  and  Shangaans  comprised  the  bulk  of  the 
remainder.  The  value  of  observations  in  regard  to  percentage  infection 
in  the  majorit}'  of  the  remaining  cases  is  almost  nullified  by  the  small 
numbers  of  individuals  involved,  though  they  were  all  that  were 
available.  Of  the  tribes  sufficiently  represented  to  yield  a  fairly 
accurate  estimate,  it  was  found  that  approximately  70-8  per  cent,  of 
the  Shangaans,  5'2'57  per  cent,  of  the  Zulus,  G4*7  per  cent,  of  the 
Basutos  (with  their  sub-families),  45-3  per  cent,  of  the  Msutus  and  54 
per  cent,  of  the  Cape  coloured  people  harboured  parasites.  It  may 
also  be  noted  that  the  helminthic  infections  were  in  the  main  confined 
to  these  tribes. 

IV.— SINGLE  PEOTIST  INFECTIONS  OF  STOOLS,  WITH 
THEIR  TIITBAL  DISTRIBUTION. 

Infections  witli  a  single  Protist  \\'ere  found  in  the  stools  of  03 
Natives.  The  mnnber  of  subjects  in  wliom  tbe  Protists  occiuTed  were 
as  follows  :  — 

TABLE  11. 

Single   I'rotifii    I njrrfi())is   of  Siooh-^,    tritli    NiiniJierH   of   ('(ISCh   in    irhich 
each  Injection  ivas  found. 

Entamocha  coli                 ...  ...  ...  ...  42 

(jiaidia   (Lamhlia)  intestinalii^        ...  ...  ...  3 

TricJiononas  intestinalis  ...  ...  ...  2 

Chilomastix   niesnili         ...  ...  ...  ...  1 

Prowazekia   cruzi              ...  ...  ...  ...  3 

Cercomonas  parva            ...  ...  ...  ...  5 

SpirocJicpAa    eurygyrata    ...  ...  ...  ...  20 

"  Free-living  "  Amoebae  ...  ...  ...  2 

/?/a.s/ori/.sf /.s   liominis        ...  ...  ...  ...  6 

03 

The  examinations  of  the  single  infections  show  tliat  Entamocha 
coli  and  Spirvcliacta.  eurygyrata  occurred  most  frequently  in  these 
stools.  It  was  noted  that  *S'.  eurygyrata  was  more  abundant  in  stools 
of  patients  who  had  temporary  intestinal  troubles  consequent  mainly 
on  a  change  of  diet. 

In  six  cases,  parasitic  Flagellata,  namely,  Giardia  intestinalis, 
Trichomotxas  intestinalis,  and  Chilomastix  niesnili,  which  are  often 
associated  with  flagellate  diarrhoea,  were  present ;  vague  accounts  of 
intestinal  trouble  were  given  by  each  of  the  patients  concerned,  and 
they  were  placed  under  appropriate  treatment. 

The  tribal  distribution  of  the  single  protistan  infections  is  shown 
in  the  foUowinor  table:  — 
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It  is  evident  that  Entamceha  coll  and  Spirocliccfa  exirygyrata  were 
the  most  Avidely  distributed  Protists  among  the  tribes,  the  parasitic 
Flagellata  being  present  in  relatively  few  cases.  However,  organisms 
which,  when  present  in  numbers,  produce  flagellate  diarrhoeas  occurred 
in  six  patients  representing  six  different  tribes.  As  tiie  Natives 
concerned  came  from  Cape  Colony,  the  Transkei,  Zululand,  Basuto- 
land,  Bechuanaland  and  the  East  Coast,  it  may  be  infen-ed  that  the 
geographical  distribution  of  G-iardia,  Chilomastix,  and  Trichomonas  is 
a  wide  one  in  the  sub-continent,  and  it  is  probable  that  a  more 
extended  series  of  exaiTjinations  would  show  a  wider  tribal  distribution 
of  these  organisms. 

v.— SINGLE  HELMINTHIC  INl'ECTIONS  OF  STOOLS. 

Helminthic  parasites,  unaccompanied  by  Protista,  were  observed 
in  the  dejecta  of  19  patients,  in  the  specimens  from  each  of  whom  one 
kind  of  worm  only  was  found.  Both  Cestoda  and  Nematoda  were 
represented.  Among  the  Cestoda,  two  species  of  Taenia  and  one  of 
Hymenolepis  were  found.  Tcenia  soliinn  occurred  in  one  Zulu,  two 
liasutos,  one  Mozambique,  and  one  Indian;  Tcenia  saginata  was  found 
in  the  faeces  of  eight  Zulus,  one  Basuto,  and  one  Shangaan;  while 
H ynienolrpls  nana  was  parasitic  in  one  Cape  coloured  man. 

The  Nematoda  observed  were  Oxyuris  verniiciiJans  in  a  Shangaan, 
and  Ascaris  hunbricoides  in  a  Msutu  and  a  Zulu. 

Details  regarding  Helminthes  associated  in  the  same  j^atient 
with  Protista  will  be  given  subsequently.  A  summar_y  of  the  single 
helminthic  infections  is  given  in  Table  IV. 

I'ABLE   IV. 

Single  Ilrl niinfliic  Injections  of  Stools,  icitii  Numbers  of  Cases  in 
irhich  each  Infection  was  found. 

Tcenia   solium  ...  ...  ...  ...  o 

Tcenia  naginatn  ...  ...  ...  ...  10 

Hymenolepis    nana  ...  ...  ...  ...  1 

Oxtjuris  vcrmicularis  ...  ...  ...  ..  1 

Asra //.s   / (/ in b ricoides  ...  ...  ...  ...  2 


VI.—DOUBLE  PKOTIST  INFECTIONS  OF  STOOLS. 

In  each  of  the  60  cases  now  to  be  considered,  two  Protists  co-existed 
in  the  same  patient.  From  a  series  of  observations,  it  was  found  that 
one  of  the  parasites  was  at  times  much  more  abundant  than  the 
other,  and  also  that  on  some  occasions  one  might  be  absent  from  the 
stool  while  the  other  was  abundant,  although  both  had  previously 
co-existed.     In  other  words,  both  here  and  in  the  nniltiple  infections 
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to  be  discussed  later,  there  was  a  periodicity  in  the  appearance  of 
the  maximum  numbers  of  the  different  parasites,  just  as  was  deter- 
mined for  the  various  Protista  observed  in  European  patients  bv 
Fantliam   flG16). 

The    different    combinations     of    Protists,    and     the     numbers     of 
instances  of  each  combination  observed,  are  set  forth  in  Table  V. 


TABLE  V. 

Double  Protisi   Injcciionfi  of  Stooh,    iriih    'Sinuhrri<   of  Cafirf;   in    irliirh 
rack    Infrrlion    iras    loinul. 


Enfainocba   coli 


Gianlia    iiifesiiualis 
Spiroclia'ta    c unjgyrata 
Blaslocijstis  linmin is 


and  "  Free-living  "   Amcrbcc 

.,  Giardia  intestinalis 

,,  Trichontonas  intestinalis 

,,  Chilornastix  niesnili 

,,  Proivazekia  cruzi 

,,  Cercomonas  parr^n 

,,  Bodo  stercoralis 

,,  Spiroc]i(Bta    eurygi/rata 
BJastocijatis  lioniinis 

and  Trichomonas  liomiiiis 
Spirochceta  eurygyrain 

and  "  Free-living  "  Anuvbte 

,,  Blastocystis  howinis 

and  "  Free-livinq  "    Amrrbcr 


No. 
1 
2 

3 
1 
1 
1 
1 
38 
G 
1 
1 
1 
1 
o 


The  jrrouping  of  the  tribes  with  respect  to  the  Protista  found  as 
double  infections  is  i^^iven  in  Table  VI. 


TABT>E    VI. 

Tribal  DisI ril' iitioH  of  Pcifirnis  ii-ifli  F)oiili]e  I'rolisf  I n frrtions  of  Sfool.'<. 


Tribo. 


Cape 


Doub 


/  Entamceba  coli 
Entatnccba  coli 
Entamcrba  coli 
Entamoeba  coli 
Entama'ba  coli 
(j iard ia  in testina lis 


Protist   Infections 

and 


"  Free-living  "   Amrebte 
CJiilo)nastix  vicsnili 
Trichomonas  intestinalis 
Spirochceta    enrygyrata 
Blastocystis  hominis 
TricJi omonas  intestinalis 


No. 

1 
1 
1 
0 
1 
1 
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TABI.r:    \l.~{Conimucd.) 


Tribe. 
M'Xosu 
Tarn book i 

l-'ingo 

Hottentot 

(iriquH 

Basiito 


Ma  role 
l^aralong 

Zulu 

Msutu 

Tonga 

Shangaan 

iMoQanibiri 
Al'Chopi 

Indian 


Double    Piotidt 
i  Entamoeba  coli 
I  Entamopha  coJi 

"  Free-Jiving  " 
Ainoehfp 

Enf(nti(i'])(i    coli 

E.nidiiKibii  .roli 
l\iifa iiKiha    coli 

h^iifd iiKrlxt    Cdli 
Entania'ba   coli 
Eniama'ha   coli 
"  Free-liring 
A)>}(rh(C 

Eutitiiiii  ha   coli 
"  Fvee-iiving 
Anufbce 

Entahui]>a   coli 

Enta}}iirha  coli 
Entaina'ba  coli 
Entanuvba  coli 
Giardia  intcsti)ialiti 

Entaina'ba  coli 
Enia nucha  coli 
Enta))i(rha   coli 

Enfatnicha   coli 

Entania'ha  coli 
Entama'ha   coli 

Entaina'ha  coli 
E\tia))i(i  ha    coli 

Enta)ii(rha    coli 
Enta)ii(iha   coli 
Spirochceta 
ciiiifgijrafa 


Infections.  Xo. 

and  Cercononas   parva  1 

Spirochceta    cuTygijrata  4 

Blastocij.siis  }i0))tiniii  1 

(Sinrditi   infestinali.s  1 

JUafifocgsiiK  horninifi  1 

,,      SpirocJicpta  curygijrata  1 

Bodo  stcrcoralis  1 

Spirochceta.  ciirygyrata  1 

Bhifitocystis  lio minis  1 

Spiroclueid  ciirygyraia  1 

,,      Spirociueta   ciirygyratd  1 

Bhistocystis   ]io)iiitiis  1 

,,      Spirociueta  curygyrata  1 

Triclionionas  intestinalis  1 

SpirocJiceta   curygyrata  5 

Bla^tocystis  liontinis  1 

Spirochceta  curygyrata  1 

Giardia  intestinalis  1 

Spirochceta   curygyrata  5 

Blastocystis  honiinis  2 

Spirocliceta  curygyrata  1 

Proirazekia  cruzi  1 

Spirociueta   eurygyuita  5 

Spirochceta   curygyrata  1 

Spirociueta    curygyrata  1 

.,      Trichomonas  intestinalis  1 

Spirociueta    curygyrata  8 

llhistoctisiis   houiiiiis  1 


It  may  be  noted  that  among  these  double  Protist  infections, 
Giardia  intestinalis,  Clido)nastix  wesnUi,  and  Trichomonas  intestinalis 
occurred  in  several  cases,  while  one  double  infection  of  Giardia  and 
Trichomonas  was  obsrrve'd.      Here,  as  ^\•ith  tlie  single  infections  of  the 
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afore-inentioned  parasites,  there  was  a  vague  history  of  iutestinal 
trouble,  and  the  man  who  harboured  both  Giardia  and  Trichomonas 
definitely  suffered  from  alternating  periods  of  constipation  and  diarrhuea, 
as  was  observed  by  Fantham  and  myself  in  the  case  of  European 
military  patients  suffering  from  the  same  infections  acquired  in  GallipoH 
and  Salonika.  The  most  frequent  doui:)le  infection  was  that  of 
KntiDnocha  coli  and  Spirorltcpfa   cunjgijrnfa. 


\"II.— ^llXEi:!  D(3UBLE   IXFECTIOXS  OF  STOOLS   WITH 
PKOTISTA   AND   HELMINTHES. 


In  fourteen  cases  it  was  found  that  the  stools  of  the  patients 
contained  both  Helminthes  and  Protista.  A  simultaneous  infection  of 
the  stools  of  a  hospital  patient  with  two  different  Helminthes  was  not 
observed,  although  two  and  three  different  genera  of  worms  were 
obtained,  as  will  be  shown  later,  from  the  intestines  of  ■"  mine-boys  '" 
examined  in  detail  post  mortem.  Both  Cestode  and  Trematode 
parasites  were  found  in  the  stools  of  the  patients,  the  ova  usually  being 
first  detected  and  the  worms  themselves  being  subsequently  recovered 
{d'ter  appropriate  anti-helminthic  treatment. 

The  mixed  double  infections  grouped  according  to  the  parasites 
present  are  given  in  Table  YII. 


TABLE  VII. 

Mi-riil  I)niih](    }-'nt(i:.(ia]  Infections  of  Stools,   icitii   Xunihers  of  Cases 
i)i    wliicli    each    Infectio)i  icas   found. 


Tte)il(i  .soli mil 

Teen  in  solium 

Cestoda  and  '    Tcenia  soUu)ii 

Protista  ^    Tcenia  saijinata 

Tcenii  smjinata 

'    Tceni't  siKjinata 

[  SrJtistosona     (Bil- 
Treniatoda     |  harzia)  niansoni 

and  Protista   |   SrJiistosoma     (Bil- 
Jiarzi'i)  niansoni 


The  ti'ibal  distribution  of  tlie  mixed  double  entozoal  infections  in 
stools  is  shown  in  Table  VIII. 


No. 

and 

Entanucba  coli 

1 

, , 

Spirochceta  e u ri/tji/rata 

1 

Blastocijstis  ho  minis 
Entama'ba  coli 

1 
1 

, , 

Giardia  intestinal  is 

1 

Spirocli (etii    e u I'ljijij ra t a 

1 

" 

Cercomonas  purva 

1 

Knfa maha    coli 

1 

346 


Intestinal  Entozoa 


TABLE  VIII. 

Tribal  Distribution  of  Patients  with  Mixed  Double  Entozoal  Infections 

of  Stools. 


Tribt 


Zulu 


Cape 

Basuto 

M'Kalonga 

Shangaau 

Blantyrc 

Indian 


IVTixod  Double  Entozoal  Infection. 

Ticnia  solium  and  Entamcebu  coli 

Spirocli ceta  C7irijgijrata 


Tcenid  solla))i 
Tteniii  saginata 
Tcenia  saginata 
Schistosoma  ma)isoni 
Tamia  saginata 
Tcenia  saginata 
Tcenia  saginata 
Tcenia  soliuvi 
Schistosoma  mansoni 
Tcenia  saginata 


EntanKcba   coli 
Spirochceta  c urijg grata 
Entamoeba   coli 
Eyitamwba   coli 
Entamoiba   coli 
Giardia  intestinalis 
Blastocystis  hoininis 
Cercomonas    parva 
Entama'ba    coli 


Xo. 
1 


MIL— MULTIPLE  Pl^OTIST  INFECTIONS  OF  STOOLS. 

The  stools  of-  27  of  the  men  examined  contained  three  or  more 
parasites.  As  in  the  double  infections,  there  were  pure  protistan 
infections  (17  cases)  and  mixed  infections  of  Protista  and  Helminthes 
(10  cases).  In  16  cases,  three  Protists  were  present,  while  in  the  17th 
case  four  Protists  occurred  simultaneously.  A  periodicity  in  the  time 
of  appearance  of  the  different  organisms  in  maximum  numbers  in  the 
stools  was  observed. 

The  multiple  Protist  infections,  grouped  according  to  the  parasites 
present,  are  indicated  in  Table  IX,  together  with  the  number  of  cases 
in  which  each  infection  occurred. 


TABLE  LX. 

Multiple    Protixt    Infections    of    Stools. 


Entamoeba  coli,  Giardia  iiitestinalis        ; 
,,  ,,     Giardia  intestinalis 

Chilomastix  mcsnili 
Spirochceta  eunjgyrata 
Spirochceta  eurygyrata 
Cercomonas  parva 
Cercomonas  parva 

EnUunieba  coli,   Giardia  intestinalis, 
Spirochceta  eurygyrata 


aid  Spirochceta   enrygyratu 
"  Free-living  "  Amoebie 
Spirochceta  eurygyrata 
"  Free-living  "  Amoebce 
Blastocystis  hoininis 
Spirochceta  eurygyrata 
Isospora  bigemina 

var.   iio minis 

and  Blastocystis  ho)ninis 


No. 
4 
1 
4 
1 
4 
1 
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It  iiiuy  be  noted  that  ten  out  of  the  seventeen  infections  hsted  in 
Table  X  were  with  parasitic  Flagellata  {Giardia  intcstinalis,  Chilomastix 
)nesniU)  which  are  capable  of  pathogenic  effects,  when  almonnal 
conditions  lead  to  their  ]nLdtiphcative  activity,  or  when  they  later 
reacli   a  susceptible  subject. 


IX.— MIXP]])  ^lULTIPLE  IXFECTIONS  OBSEKVED  IX  STOOLS. 

The  lU  multiple  infections  that  comprised  both  Protist  and  Helmiulb 
parasites  are  shown  in  Table  XI.  together  with  the  number  of  cases  in 
which  they  were  observed. 

TABLE  XL 

Mixed   MultiiAc    bijcciluiis   in    Stuols. 


X<^. 

Tcenia  soUinii,   Entaiiia:ba   coU               and  Spiroclueta   curygijrafa  I 

Tcenia  solium,   Ccrconionas   parva          and  Blastocystis  honiinis  1 

Tcenia  solium,  Spiruclueta  eurtjgijrata  and  Blastocystis  ho)ninis  1 

Tcenia  saginata,   Entamceha  coli            and  Giardia  intestinalis  1 

Tcenia  saginata,   Entamoeba  coli             and  Bodo   stcrcoralis  1 

Tcenia  saginata.  Entamoeba  coli             and  Spirochceta   eurygyrata  o 

Tcenia  saginata,   Entamoeba  coli            and  Blastocystis  hominis  1 

Tcenia  saginata,   Trichomonas  honiinis  and  Spirochceta  eurygyrata  1 


Bodo  stcrcoralis,  already  listed  in  Tables  A"  and  VI  (pp.  11,  12), 
is  a  Flagellate  from  human  faeces  believed  to  be  new  to  science  and 
to  be  recorded  in  this  paper  for  the  first  time.  Detads  regarding  its 
structm-e  are  given  on  pp.  43,  44,  and  it  is  figured  on  Plate  I.  Fig.  19. 

The  tJ'ibal  distribution  of  the  mixed  multiple  infections  is  given 
in  Table  XII. 
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It  is  of  interest  to  note  that  in  almost  all  cases  of  infection  with 
tapeworms,  whether  single,  double  or  multiple  infections,  the  patients 
were  men  of  classes  mostly  in  close  contact  with  white  races — cooks, 
kitchen  boys,  house  boys,  and  store  boys  furnished  most  of  the  cases, 
while  farm-hands  were  also  parasitised.  Although  the  normal  hosts  of 
the  bladderworm  stages  are  domestic  animals,  for  example,  the  ox  and 
the  pig,  such  stages  are  sometimes  known  in  man.  Hence  the 
possible  communication  of  Cestode  infections  to  the  white  population 
needs  to  be  boi-ne  in  mind  when  such  intimate  association  of  infected 
natives  with,  the  food  of  Europeans,  and  sometimes  with  European 
children,  is  in  vogue. 


X.— GENEEAL   SUKVEY   OF  TPTE   PKOTIST  PAKASITES 
OBSERVED  IN  THE   STOOLS  OF  NATIVES. 

It  may  be  advisable  at  this  stage  to  show  the  number  of  times  each 
organism  listed  was  actually  recorded,  and  with  this  object  in  view, 
one  table  showing  the  total  number  of  times  each  Protist  was  recorded 
in  the  various  tribesmen,  and  a  second  one  giving  similar  particulars 
for  the  Helminth  infections,  have  been  prepared  (see  Tables  XIII, 
XIV)  from  the  preceding  data. 

As  a  general  statement,  the  Protist  parasites  most  commonly 
occurring  were  Entamoeba  colt  and  Spirochc^ta  eunjgyrata.  While  both 
organisms  are  non-pathogenic  in  the  general  opinion,  it  has  been  noted 
by  several  workers  that  E.  coli  multiplies  more  vigorously  in  an 
unhealthy  intestine  than  in  a  healthy  one,  while  Fantham  (1916)  has 
found  that  S.  eunjgyrata  is  much  more  numerous  in  diarrhoeic  or 
dysenteric  stools  than  in  normal  ones ;  an  obsen- ation  I  can  readily 
confirm.  The  presence  of  either  E.  coli  or  S.  eurygyrata  in  very  large 
numbers,  then,  may  serve  as  an  early  indication  of  latent  or  potential 
intestinal  disorders. 

The  Mastigophora  associated  with  flagellate  diarrhoeas  were 
observed  on  relatively  few  occasions.  Nevertheless,  the  number  of 
tribes  represented  is  fairly  considerable — Cape,  M'Xosa,  Basuto,  Zulu, 
Msutu,  Portuguese  East  African  and  Indians  being  infected.  A  wide 
geographical  distribution  of  these  potentially  pathogenic  flagellates  is 
also  indicated. 

In  connection  with  flagellate  diarrhoea,  I  may  state  that  I  was  able, 
during  the  course  of  these  observations,  to  transmit  Giardia, 
Trichomonas  and  Chilomastix  of  human  origin  to  clean  white  rats  by 
allowing  their  food  to  be  contaminated  with  the  excrement  of  cock- 
roaches {Periplaneta  orientalis  and  P.  americana)  that  had  been  given 
access  to  infected  stools  and  had  fed  thereon.  The  role  of  cockroaches 
03  transmitters  of  flagellate  diarrhoeas  of  man  can  be  readily  understood, 
especially  in  semi-tropical  and  tropical  countries,  where  their  access  to 
fsecal  matter  is  relatively  easy. 
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Another  occurrence  of  scientific  interest  was  tlie  linding  of  Isunpora 
bigemina  var.  hominis  in  the  stools  of  a  Hottentot.  (See  Table  X). 
This  parasite  has  previously  been  reported  with  certainty  only  in  the 
stools  of  a  few  Europeans  in  Europe,  who  had  contracted  the  infection 
while  on  active  service  in  the  Mediterranean  War  Zone. 

The  organism  is  evidently  not  restricted  to  Europeans,  as  the  fairly 
heavy  infection  of  the  Hottentot  showed.  It  may  be  mentioned  that  I 
have  found  the  parasite  also  in  the  excrement  of  a  South  African  of 
Dutch  descent,  who  had  hved  all  his  life  in  South  Africa,  mainly  in  the 
Transvaal.  His  condition  at  first  was  thought  to  be  amcebic  dysentery, 
but  Isospora  bigemina  var.  hominis  was  the  only  Protozoon  present  (see 
p.  27),  and  with  its  destruction  and  elimination  the  symptoms  also 
disappeared.  By  animal  experiments  (Fantham,  1917)  it  has  been 
shown  that  this  Isospora  has  a  definite  pathogenic  action,  and  the 
possible  presence  of  the  organism  should  be  borne  in  mind  in  cases  of 
unusual  dysenteric  illnesses. 

Cercomonas  parva  was  observed  at  ten  examinations.  This 
organism  has  also  been  observed  by  Fantham  (1916)  and  myself  (1916) 
i>i  military  patients  from  GaJlipoli,  in  whom  no  other  parasitic  agent 
of  disease  could  be  found.  While  its  pathogenicity  has  not  been  fully 
tested  by  animal  experiments,  it  may  be  regarded  as  a  suspect. 
Prowazekia  cruzi,  now  reported  in  African  natives,  has  previously  been 
found  in  cases  of  diarrhoea  in  South  America. 

Blastocystis  hominis,  an  organism  usually  considered  to  be  of 
fungoid  origin,  but  possibly  a  stage  of  a  Flagellate,  has  been  frequently 
observed  in  the  stools  of  military-  patients  from  the  European  War  Zone, 
and  its  geographical  distribution  is  now  extended  to  South  and  East 
Africa. 

The  organisms  now  described  as  ""  Free -living  "  Amoebae — of  the 
Umax  type — can  hardly  be  regarded  as  normal  inhabitants  of  the  human 
intestine.  They  were  usually  present  in  the  encysted  condition  and 
resembled,  in  structure,  the  cysts  of  amoebae  that  occur  on  vegetable 
matter,  in  moss,  and  on  damp  earth.  It  is  probable  that  they  had  been 
ingested  with  vegetable  food — similar  amoeba  were  obtained  by  me  from 
lettuce  leaves  gi'own  near  Johannesburg  on  one  occasion — and  had 
passed  through  the  human  bod}',  finally  leaving  it  in  an  encysted 
condition.  The  "  free-living  "  Amoebae  that  I  observed  were  not  the 
stime  as  those  recently  described  under  the  name  of  Entamorha  nana, 
which  organism  was  not  found. 

It  may  be  mentioned  that,  as  a  result  of  these  systematic  stool 
examinations,  several  carriers  of  amoebic  dysentery  were  detected,  the 
men  being  detained  in  hospital  and  treated  until  Entamceba  histolytica 
was  absent  from  their  stools.  Such  carrier  cases  are  not  included  in  the 
tables  already  presented,  but  their  detection  gives  an  increased  value  to 
systematic  stool  examinations. 

As  will  be  seen  from  Table  XIII,  the  total  number  of  times 
Protista  were  recorded  from  the  stools  of  Natives  dui'ing  the  investiga- 
tion was  299.  However,  the  number  of  individuals  harbouring  the 
T'rotista  was  onlv  194,  as  will  be  gathered  from  Table  T,  columns  3 
:md  5,  or  fi-om  Tables  II,  V,  VII,  IX,  XI. 
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Tribe. 

Cape        

Transkei — 

M'Xosa 

Pondo 

Tambooki    . . . 

Fingo  

Baca    

Kaffir       

Hottentot 

Griqua     

Basutos — 

Basufco 

M'Kalonga... 

]\I'Naring    ... 

M'Gato       ... 

M'Nvali      ... 

Marolo 
Bechuana 
Baralong 
Zulu 
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Somali    

Indian     

Chinese 

Totals    ... 
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XI.— DYSENTERIC   STOOLS  OF  NATIVES. 

The  stools  of  13  dysenteric  Natives  were  examined,  many  of  them 
daily,  and  in  each  case  the  infecting  organism  was  Entamoeba 
histolytica.  Three  cases  were  carriers,  two  were  acute  cases  that  rapidly 
proved  fatal,  the  remainder  being  at  first  acute  and  then  passing  to  the 
sub-acute  fornj.  Four  Zukis,  four  Msutus,  two  Shangaans.  one  Somali, 
one  Hottentot,  and  one  Blantyre  Native  were  infected. 

These  13  cases  were  encountered  during  the  ordinary  course  of 
the  investigation.  They  may,  perhaps,  be  regarded  as  affording  some 
indication  of  the  proportion  of  cases  of  amcebic  dysentery  which  may 
occur  ordinarily  among  the  native  population  under  relatively  normal 
conditions. 


XII.— GENEKAL  SURVEY  OF  THE  HELMINTHES  FOUND 
IN  STOOLS  OF  NATIVES. 

The  most  common  helminthic  infections  detected  in  stools  were 
those  of  the  beef  tape-worm,  TcBuia  saginata,  and  the  pork  tape-worm, 
Tcznia  solium.  Men  having  more  access  to  meat  than  their  fellows 
appeared  to  be  more  parasitised.  Members  of  the  tribes  located  from 
Cape  Colony  to  the  Transvaal  formed  the  bulk  of  those  whose  stools 
were  critically  examined,  the  East  Coast  and  Asiatic  peoples  being  in 
the  minority.  However,  when  the  results  of  infestation  with  helminthic 
parasites,  as  observed  at  post-mortem  examinations,  are  considered,  it 
seems  correct  to  infer  that  the  East  Coast  natives  harbour  more 
helminthic  parasites  than  those  of  the  Union  of  South  Africa. 

The  number  of  times  each  Helminth  was  recorded  is  set  forth  in 
Table  XIV.  As  no  stool  examined  ever  contained  more  than  one  kind  of 
Helminth,  the  number  of  times  each  Helminth  was  recorded  is  the 
same  as  the  number  of  individuals  infected  therewith,  namely,  43,  as 
will  be  seen  from  Table  I,  columns  4  and  5,  or  from  Tables  IV,  VII,  XL 
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Tape-worm  infectious,  derived  from  improperly  cooked  beef  and 
pork,  form  a  large  proportion  of  the  total  number  of  the  Helminthes 
found  in  stools.  Such  occurrences  direct  attention  not  only  to  the 
infection  among  Natives,  but  to  the  necessity  for  proper  disposal  of 
human  excrement  on  the  one  hand,  and  to  systematic  meat-inspection 
on  the  other. 


XIII.— COMPARISON   OF   THE   ENTOZOA   FOUND   IN  NATIVE 
STOOLS  WITH  THOSE  FOUND  IN  EUROPEAN  STOOLS. 

It  was  thought  that  it  might  be  useful  to  compare  the  Protist  and 
Helminth  fauna  of  the  stools  of  white  men  domiciled  in  South  Africa 
with  that  found  in  Natives.  For  this  purpose,  a  series  of  stools  was 
examined  from  one  of  the  European  wards  in  the  hospital,  the  same 
procedure  being  adopted  as  in  the  case  of  stools  of  Natives.  The  stools 
of  men  suffering  from  such  maladies  as  dysentery  and  enteric  fever  are 
excluded  from  the  results  now  tabulated,  as  the  content  of  the  intestine 
under  such  conditions  is  abnormal.  Also,  although  a  number  of  cases 
of  amoebic  dysentery  among  both  white  men  and  Natives  was 
investigated,  these  are  not  included  in  the  table,  but  are  summarised  in 
separate  paragraphs.  (See  pp.  22,  27.) 

The  report  on  the  first  sixty  stools  of  white  men  examined  is  now 
set  forward  on  the  same  lines  as  for  natives.  The  race  given  is  in 
accordance  with  the  statements  of  the  men,  the  term  "  Colonial  "  being 
used  for  men  born  in  South  Africa,  all  of  whom,  it  happened,  were  of 
mixed  British  and  Dutch  ancestry. 

The  distribution  of  the  Entozoa  detected  in  the  stools  of  these 
various  white  men  is  set  forth  in  Table  XV,  and  further  particulars 
regarding  the  occurrence  of  the  organisms  are  suunnarised  on  the  page 
following. 
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Infection  with  Entozoa  thus  occurred  in  55  per  cent,  of  the  white 
men  examined,  as  compared  with  56-8  per  cent,  infection  among  the 
natives,  of  whom  it  must  be  remembered  many  more  were  examined. 
Helminthic  infection  was  relatively  rare — a  result  doubtless  to  be 
coi'related  with  more  attention  to  the  cooking  of  food  on  the  part  of  the 
white  man. 

Single  infections  with  Protista  occurred  in  twenty-one  cases,  each 
nationality,  except  the  Portuguese,  being  represented. 

Entamoeba  coli  was  present  in  the  stools  of  eight  British,  three 
Colonial,  one  Dutch,  and  three  Jews.  SpirochcBta  eurygyrata  occurred 
in  three  British,  one  Colonial,  one  Jew,  and  one  German. 

The  ten  double  entozoal  (Protist)  infections  were  distributed  among 
all  the  nationalities  represented  except  the  German. 

Enta))iceba  coli  and  SpiroclicBta  eurygyrata  co-existed  in  the  stools 
of  three  British,  one  Dutch,  three  Jews,  and  one  Portuguese. 
Entamoeba  coli  occurred  with  Blastocystis  hominis  in  one  British,  and 
Spirochceta  eurygyrata  together  with  "  Free-living  '"  Amoebae  was 
present  in  the  faeces  of  a  Colonial. 

One  multiple  Protist  infection  only  was  found  in  a  man  of  British 
race,  the  combination  of  parasites  being  Entamoeba  coli,  Trichomonas 
intestinalis  and  Spirochceta  eurygyrata. 

The  only  mixed  multiple  infection,  and  also  the  only  case  in  which 
helminthic  parasites  were  observed,  was  in  a  man  of  Dutch  descent, 
who  harboured  Tcenia  saginata,  Spirochieta  eurygyrata,  and  "  Free- 
living  "  AmoebfB  in  his  intestine,  the  last-named  parasites  being  found 
in  several  successive  stools,  suggesting  that  they  had  become  somewhat 
habituated  to  the  intestinal  environment. 

The  general  occurrence  of  Entamoeba  coli  and  of  Spirochieta 
eurygyrata,  either  separately  or  together,  among  men  of  various 
nationalities  as  well  as  among  the  different  Natives  of  Africa  and  of 
India  examined,  shows  the  wide  distribution  of  these  organisms.  While 
both  parasites  multiply  more  vigorously  in  an  unhealthy  intestine  than 
in  a  healthy  one,  they  appear  to  do  relatively  little  or  no  gross  harm  to 
their  hosts.  These  organisms,  then,  apparently  have  long  been  parasitic 
in  man,  and  a  mutual  tolerance  has  become  established  between  host 
and  parasite,  manifesting  itself  in  non-pathogenicity  on  the  part  of  the 
parasite. 

Blastocystis  hominis  was  found  in  the  stools  of  one  patient,  and  the 
said  stool  was  markedly  sour  in  smell  and  acid  in  reaction  when  this 
organism  was  detected.  At  first  the  Blastocystis  was  present  in  rather 
large  numbers.  As  the  acid  reaction  diminished,  the  Blastocystis  also 
decreased,  and  when  the  reaction  of  the  stools  became  markedly 
alkaline  no  Blastocystis  could  be  found.  In  the  cases  of  Blastocystis  in 
Natives  the  parasite  was  usually  most  abundant  in  slightly  acid  stools, 
though  also  present  in  alkaline  ones. 
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During  the  same  period  as  the  stools  of  meu  unaft'ected  by 
intestinal  complaints  were  examined,  stools  of  ten  dysenteric  white  men 
were  examined.  In  each  of  these  cases  the  excitant  of  the  dysentery 
was  Eyitamceba  histolytica,  and  in  most  of  the  cases,  the  malady  was  of 
the  acute  type.  The  nationalities  represented  were  three  Colonials,  two 
English,  two  Dutch,  two  Eussian  Jews,  and  one  Greek.  The  parasites 
were  usually  observed  in  both  the  trophic  and  the  encysted  condition. 
It  was  relatively  a  heavy  proportion  of  men  infected,  seeing  that  ten 
out  of  a  total  of  seventy  stools,  all  from  one  ward  in  the  Johannesburg 
Hospital,  contained  E.  histolytica.  It  is,  however,  probable  that  the 
percentage  of  infections  is  above  the  average,  and  that  the  number  of 
sporadic  cases  among  the  total  white  persons  under  ordinary  conditions 
is  not  so  large.  It  may  be  mentioned  that  only  one  of  the  amoebic 
dysentery  patients  had  been  serving  with  the  Forces,  and  his  service  had 
been  in  France  for  two  years.  He  stated  that,  while  in  France,  he  had 
not  suffered  from  any  intestinal  complaint,  but  had  had  several  attacks 
of  malaria  and  was  sent  back  to  South  Africa  after  being  gassed. 

I  may  mention  that,  as  noted  on  p.  19,  I  was  also  able  to  examine 
the  stools  of  a  non-hospital  patient,  a  South  African  of  Dutch  descent, 
believed  to  be  suffering  from  amoebic  dysentery,  but  whose  motions 
contained  a  pure  infection  of  various  stages  of  Isospora  bigemina  var. 
hominis.  After  the  elimination  of  the  parasite  by  appropriate  treat- 
ment the  man  recovered. 


SECTION  B.—ENTOZOA  FOUND  AT  POST-MORTEM 
EXAMINATIONS. 

XIV.— DISTEIBUTION   OF  ENTOZOA   IN  NATIVES  AS 
OBSEEVED  IN  104  POST-MOETEM  EXAMINATIONS. 

Many  interesting  observations  on  various  Entozoa  have  accrued 
from  the  detailed  examination  of  the  alimentary  canals  of  a  total  of  104 
Natives  who  had  died  at  the  W.N.L.A.  Hospital,  Johannesburg, 
generally  while  awaiting  repatriation.  The  intestine  was  examined 
minutely  in  each  case,  and  scrapings  of  the  mucosa  made  from  the 
pylorus  to  the  anus,  thus  ensuring  that  each  region  of  the  whole 
intestinal  tract  was  subjected  to  microscopical  examination.  Fresh 
preparations  were  chiefly  used,  but  stained  ones  were  made  when 
necessary,  and  material  was  also  preserved  for  subsequent  sectioning. 
Whenever  pathological  features  were  noted  in  connection  with  parasitic 
Protozoa,  reference  was  made  to  medical  pathologists  at  the  Institute, 
and  I  wish  to  thank  very  heartily  Drs.  Watkins-Pitchford,  J.  G.  Becker, 
and  Lister,  who  came  to  my  assistance,  and  from  whose  descriptions  the 
pathological  notes  in  this  section  are  made. 
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It  may  be  observed  that  rather  different  results  were  obtamed  as  to 
eutozoal  infestation  as  observed  j^ost-mortem,  from  those  derived  from 
stool  examinations,  this  being  due  in  part  to  the  different  tribal 
distribution  of  the  Natives  examined  post  mortem.  Of  these  latter, 
practically  two-thirds  were  East  Coast  natives ;  the  actual  numbers 
were  69  out  of  104  examined,  the  remaining  35  being  Natives  of  other 
parts  of  South  Africa.  Fifty-four  East  Coast  Natives  out  of  the  69  were 
infected  with  Entozoa,  and  of  the  other  South  African  Natives  25  were 
similarly  parasitised.  "  Mine  boys  "  live  under  different  conditions 
from  those  prevailing  among  the  Natives  employed  as  labourers  and 
house-boys.  The  condition  of  life  when  relatively  segregated  in  large 
numbers  in  compounds  may  be  conducive  to  the  spread  of  Entozoa  to 
some  extent,  but  it  seems  more  probable  that  the  Natives  are  already 
infected  when  they  reach  the  Eand  than  that  they  acquire  many  of  the 
infections  when  resident  there.  The  exainination  of  the  bodies  of  several 
"  new  recruits  "  for  the  mines  has  shown  the  presence  of  almost  the 
saixie  Entozoa  as  were  present  in  men  who  had  lived  on  various  mines 
for  some  time.  Age  apparently  had  no  significance  in  relation  to 
parasitism,  but,  as  the  majority  of  the  men  were  between  the  ages  of 
30  and  40,  and  very  few  were  outside  this  range,  it  is  hardly  possible  to 
give  exact  information. 

Post-mortem  examinations  showed  that  practically  76  per  cent,  of 
the  men  were  parasitised,  the  actual  numbers  being  79  out  of  104. 
Infections  with  a  single  Protist,  or  with  one  kind  of  Helminth  only, 
were  comparatively  few,  as  were  double  infections  with  Protista  or 
Helminthes.  On  the  other  hand,  the  numbers  of  mixed  double 
infections  and  of  multiple  infections,  when  as  many  as  five  or  six 
separate  genera  of  Entozoa  were  present  in  the  same  intestine,  were 
greatly  increased. 

The  tribal  distribution  of  the  deceased  Natives  in  whom  intestinal 
Entozoa  were  found  post  mortem,  together  with  the  general  character 
of  the  infections  and  number  of  times  of  their  occurrence,  is  set  forth 
in  Table  XVI.  It  will  be  seen  that  there  is  a  greater  diversity  in  the 
types  of  infection  than  was  present  in  the  stool  examinations. 

Detailed  analyses  of  the  infections  observed  post  -mortem  will  be 
found  in  subsequent  sections. 
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XV.— SINGLE   PKOTIST  INFECTIONS   OBSERVED 
POST   MORTEM. 

Infections  with  a  single  kind  of  Protist  only  were  observed  m 
six  cases.  Three  genera — Entamoeba,  Giardia,  and  Spirochaeta — were 
represented,  and  were  distributed  among  six  tribes  as  follows:  — 

TABLE  XVII. 


Parasite. 
Entamoeba  coU 

Giardia  intestinalis 
S-pirochcEta  eurijyi/rata 


Tribe. 

No, 

M'Xosa 

Basuto 

Msutu 

Nyambaan 

Bechuana 

M'Chopi 

XVI.— SINGLE    HELMINTHIC    INFECTIONS   OBSERVED 
POST   MORTEM. 

Infection  with  one  species  of  worm  only  was  observed  in  eleven 
cases,  three  genera  of  worms  being  represented.  The  distribution  of  the 
parasites  is  shown  in  the  accompanying  table. 

TABLE  XVIII. 


Parasite. 
Ascaris    luinbricoide.'i 

Tcenia  solium 
Tcenia  saginata 
Trichuris  trichiu ra 


Tribe. 

No 

Basuto 

2 

Shangaan 

1 

M'Chopi 

1 

Shangaan 

2 

Pondo 

3 

Baca 

1 

M'Chopi 

1 

With  the  exception  of  Trichuris,  the  other  parasites  had  been 
detected  also  in  the  investigations  of  stools.  Although  Trichuris  was 
found  in  all  at  twenty-two  post-mortem  examinations  (see  pp.  30 — 38), 
yet  one  only  of  the  infected  men  was  other  than  an  East  Coast 
Native,  the  exception  being  a  M'Xosa.  This  may  explain  the  non- 
appearance of  either  Trichuris  ova  or  worms  at  examinations  of  stools, 
as  relativelv  few  stools  of  East  Coast  Natives  were  examined. 
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XVII.— DOUBLE  PEOTIST  IXFECTIOXS  OBSERVED 
POST   MORTEM. 

Three  groups  of  double  Protist  infections,   distributed  among  five 
tribes,  were  observed  in  six  cases,  thus:  — 

TABLE  XIX. 


Double  Protist  Infections.  Tribe.  No. 

Entamoeba  coli  and  Giardia  intcstinalis  Xyambaan  2 

Entamoeba  coJi  and  Blastociistis   hominis  \  -,r  i  •  -r 

^  I  Mozambique  1 

Entamocha  coli  and  Spiroclueta  euniaurata  n/rvn,      •  i 

'  ^-'-^  I  M  Chopi  1 


The  presence  of  Giardia  intestinalis  was  associated  with  an 
ulcerated  condition  of  the  intestine  in  each  case,  and  in  the  inflamed 
areas  it  was  the  onlj^  parasite  detected. 


XVIIL— DOUBLE  HELMIXTHIC  IXFECTIOXS  OBSERVED 
POST   MORTEM. 

Four  cases  of  infection  with  two  kinds  of  worms  were  observed,  the 
men  concerned  being  free  from  Protista.  The  parasites  present  were 
as  follows  :  — 

TABLE  XX. 


Doul)le  Helminthic  Infections. 

Tcenia  solium  and  Trichuri,^  trichiura 

Tcenia  saginatu  and  Trichuristrichiura 

Ascaris  litmbricoide.'^       and  Trichuristrichiura 

Ancylostoma  duodenale  and  Trichuristrichiura 


The  case  of  Ancylostomiasis  showed  emaciation  and  aniiemia,  and 
the  intestine  contained  large  numbers  of  the  parasites.  The  certified 
cause  of  death  was  Pulmonary  Tuberculosis  and  Silicosis. 


Tribe. 

No 

M'Chopi 
Shangaan 
Nyambaan 
Shangaan 

1 
1 
1 

1 

364 


Intestinal  Entozoa 


O 


ft 
> 

pq 

o 

CO 

o 
I— I 

H 
O 

P 
O 

P 

P 


I— I 


3 

-!3 

C3 

O) 

> 
(1) 

ro 

o 

»• 

o 

n-j 

■m 

o 

o 


Q    r^ 


M 


fcC 


CO     O) 

c 


rt   o 


a2  ^ 

w  *:; 

o  P^ 

<u 

-f3  =4-1 

^  o 

H  s 


o 

an 


X 

H 
P 

pq 


cS 


o  o  ;3  3  &J0  g 


.     Oh 

o    O 

c-i  r,  is  o  o 


CD 


■c.S  «  2  ^ 

<J   o    ci    ci  C^ 


C  ir 


pq  S  -j^j  iz;  H  ^  Ph  c/3  pq  § 


e  e  iS 
■^  -?  "» 


C3     03 


^ 


rt    s: 


^  Si  Sj 
o  e   e 

CO     W     IX) 


o 


s  §  ^ 

E-H  ^  E-. 


CO 
o 

w 

'42 

o 

p^ 

H) 

o  ^ 

a 

C3 

s 


cc  fc^  O 

re*  nd  TJ 

fl  fl  fl 

C3  CS  05 


CC  ;-.  i- 

'^     &-I     ^ 


c; 

rt 

-tj 

TJ 

o 

■+J 

-f-> 

o 

rxl 

Sh 

a 

p^ 

Oi 

i-rt 

iz; 

c 

Annie  Porter  365 


The  East  Coast  Natives,  as  judged  by  the  distribution  of  these  pure 
double  and  mixed  double  infections,  seem,  very  susceptible  to  worm 
infections.  In  some  cases  the  number  of  worms  observed  was 
considerable,  Ascaris  lunibricoides,  in  particular,  occurring  in  knots  and 
bunches  that  appeared  capable  of  causing  considerable  intestinal 
obstruction  in  some  cases.  In  other  cases  as  many  as  twenty  heads  of 
Tcsnia  saginata  have  been  recovered,  both  in  the  case  of  single,  double, 
and  multiple  infections.  Trichuris  trichiura  was  usually  found  in  the 
caecum,  and  in  a  few  cases  these  parasites  (chieflj'  adults,  but  some 
ova)  were  found  in  numbers  in  the  Termiform  apjDendix. 


XX.— MULTIPLE    ENTOZOAL    INFECTIONS    OBSERVED 
POST  MORTEM. 

Multiple  infections  with  Entozua  were  relatively  frequent  in 
intestines  of  Natives  examined  post  niortcni.  (See  Table  NVI.  last 
column).  The  greater  number  were  mixed  Entozoa,  only  two  cadavers 
containing  a  pure  protozoal  fauna  of  three  genera,  and  one  of  four 
genera  (see  Table  XXII),  and  one  a  multiple  pure  infection 
of  three  Helminths.  In  the  remaining  thirty  cases,  the  parasites 
observed  consisted  of  combinations  of  two  Protists  and  one  worm,  one 
Protist  with  two  worms,  two  Protists  with  two  worms,  three  Protists 
with  one  worm,  three  Protists  with  two  worms,  four  Protists  with  one 
worm,  two  Protists  with  three  worms,  and  three  Protists  with  three 
worms.  (See  pp.  35 — 38).  More  than  six  different  genera  of  animal 
parasites  living  within  the  same  intestine  were  not  observed.  Tables 
showing  the  combinations  of  parasites  and  the  tribes,  members  of  whom 
harboured  the  infections,  are  appended. 
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Multiplr   Infections    irifli    Three    Protists   and    One    Ilclininfh. 

Two  multiple  infections  with  three  Protists  and  one  Helminth  were 
found  post  mortem;  the  Natives  concerned  belonged  to  the  Transkei 
and  the  Transvaal.  A  M'Xosa  harboured  Entamoeba  coli,  Giardia 
intestinalis,  Spirocliceta  curijgyrata,  and  Ascaris  Jumbricoides,  while 
Entamoeba  coli,  Spirochceta  eurygyrata,  BJastocystis  hominis  and 
Ascaris  IiDnhricoides  were  found  in  the  intestine  of  a  Msutu. 

Multiple  J)ilecti(>)is  leith  Five  Entozoa. 

Three  forni:-;  of  multiple  infections  comprising  five  genera  of 
Entozoa  were  observed.  Two  genera  of  Protozoa  were  found  in  one 
case  associated  with  three  genera  of  Hehainthes.  Three  Protists  and 
two  worms  occurred  in  three  cases,  and  four  Protists  and  one  worm 
M'ere  found  in  the  intestine  of  one  man.  The  tribal  distribution  and 
combinations  of  parasites  were  as  follows:  — 

Two  geneia  of  Protozoa  and  three  of  Helminthes  were  present  in 
one  Nyambaan.  The  Protozoa  were  Entamoeba  coli  and  Trichomonas 
intestinalis,  tlie  Helminthes  being  Schistot^nnia  niansoni,  Ascaris 
lumbricoides  and  Trichuris  trichiura. 

Three  different  infections  of  three  Protista  and  two  Hehninthes 
were  found.  One  Nyaml)aan  harboured  Entamoeba  coli,  Trichomonas 
hominis,  Spirocliceta  eurygyrata,  Tcenia  saginata,  and  Ascaris  lumbri- 
coides.  Another  Nyambaan  was  infected  with  Entamoeba  coli,  Spiro- 
chata  eurygyrata,  Blastocystis  hominis,  Ascaris  lumbricoides,  and 
Trichuris  trichiura.  The  third  case  was  a  M'Chopi  whose  intestine  was 
parasitised  by  Entanncba  coli,  Trichomonas  i)itestinalis,  Spirochceta 
eurygyrata,  Ascaris  lumbricoides  and   Trichuris  tricliiura. 

One  infection  only  of  four  Protista  and  one  Helminth  was  detected, 
a  Msutu  being  parasitised  by  Entama-ba  coli,  Trichomonas  intestinalis, 
Spirochceta  eurygyrata,  Blastocystis  hominis  and  Ascaris  hnnbricoides. 

The  prevalence  of  helminthic  infections  among  East  Coast  Natives 
is  acain  noticeable. 

Multiple   Injection    ivith   .S'/.r   Entozoa. 

The  presence  of  six  Entozoa  at  the  same  time  has  only  been 
observed  once,  when  the  intestine  of  a  Nyambaan  contained  three 
Protists  and  three  Helminths.  The  parasites  were  Entamoeba  coli, 
Giardia  intestinalis,  Spirochceta  eurygyrata,  Tcenia  solium,  Ascaris 
lumbricoides  and  Trichuris  trichiura. 

At  each  point  where  Giardia  were  present  other  Protozoa  were 
absent,  as  were  also  Helminthes,  and  these  areas,  in  the  words  of  one 
of  the  pathologists  who  kindly  examined  them  for  me,  showed 
"  inflammatorv  oedema." 
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XXL— GENERAL   EEMAEKS   RELATIVE   MORE   ESPECL\LLY 

TO  THE  PRESENCE  OF  THE  ENTOZOA  DETECTED 

POST   MOETEM. 

In  connection  with  the  post-mortem  examinations,  about  two- 
thirds  of  the  Natives  examined  were  East  Coast  boys,  who  form  a  large 
part  (more  than  one-third)  of  the  mine  population  of  the  Witwatersrand, 
and  who  seem  recently  to  be  more  noticeable  among  the  household 
servants  than  they  were  a  relatively  short  time  ago.  Their  cases, 
therefore,  need  more  consideration  than  may  appear  at  first  sight,  since 
it  appears  that  there  is  an  increase  in  the  intimate  relation  of  these 
X'atives  with  South  African  households. 

There  is  one  obvious  conclusion  from  the  examination  of  the  tables 
presented  previously.  The  condition  of  parasitism  is  very  prevalent 
among  Natives.  So  jirevalent  is  it,  that  a  condition  of  mutual  toler- 
ance has  often  become  established  between  the  native  host  and  the 
infecting  organisms.  The  result  of  this  tolerance  is  that,  while  the 
native  host  either  may  suffer  little  inconvenience  personally  or  undergo 
intestinal  disorders  onh-  at  intervals,  he  becomes  a  potentially  dangerous 
nuisance  to  non-immune  hosts,  and  a  disseminating  centre  for  a 
number  of  gastro-intestinal  troubles  as  a  result  of  his  promiscuous 
habits.  An  examination  of  the  veldt  in  the  vicinity  of  buildings  in  the 
course  of  erection  will  show  only  too  readily  the  presence  of  human 
excrement.  I  collected  a  number  of  such  samples  for  laboratory 
examinations  and  found  chains  of  tapeworm  proglottides,  eggs  of 
nematodes,  cysts  of  variovis  flagellates  such  as  Giardia  and  Chilomastix, 
and  on  certain  occasions — depending  on  the  freshness  of  the  stool — 
living  Ti'ichomonads,  while  I  have  also  found  cysts  of  Entarnwha 
histolytica  in  such  promiscuous  evacuations.  The  excrement  often 
swarmed  with  flies,  and  it  is  an  established  fact  that  certain  worm  eggs 
and  numerous  protozoal  cysts  can  pass  unchanged  through  the  bodies 
of  flies,  whence  they  can  easily  reach  food  or  water  intended  for  human 
consumption.  Samples  obtained  from  shallow  surface  waters  and 
spruits  in  certain  localities  have  been  found  in  the  course  of  my 
examinations  to  be  contaminated  with  cysts  of  flagellates,  as  well  as 
with  ova  of  Helminthes,  and  may  thus  serve  as  a  source  of  infection 
both  to  man  and  to  domestic  animals.  Also,  in  certain  cases  of  infantile 
diarrhoea  observed  among  Natives  in  the  Johannesburg  Hospital,  I  was 
able  to  obtain  samples  of  the  water  used  previously  by  the  parents  in 
px"eparing  the  food  of  the  infants,  and  in  several  such  samples  there 
were  flagellates  (Trichomonas  and  Giardia)  identical  with  those  present 
in  the  motions  of  the  children.  Clean  rats,  whose  food  was  mixed  with 
this  contaminated  water,  contracted  flagellate  diarrhcea  and  passed  large 
numbers  of  the  parasites  in  the  faeces.  Domestic  vermin,  such  as  rats 
and  mice,  and  pests,  such  as  cockroaches  (see  Sections  X  and  XXIII, 
pp.  18  and  51)  and  flies,  are  additional  agents  or  soiu'ces  for  the 
transference  of  parasitic  diseases  from  man  to  man. 
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In  this  connection  mention  may  lie  made  of  the  use  of  night-soil 
for  the  purpose  of  soil  fertilisation.  Certain  market  gardeners,  supplying 
their  produce  to  the  town,  but  living  outside  the  Municipal  boundary, 
use  this  material  extensively,  and  not  only  is  it  emulsified  and  applied 
to  the  roots  of  plants,  but  a  supply  is  sprinkled  on  the  leaves  of 
green  vegetables  such  as  lettuce.  I  have  been  able  to  recover  cysts  of 
parasitic  flagellates  (Giardia  and  Chilomastix)  from  lettuce  leaves  grown 
under  the  conditions  just  described.  The  cysts  were  mature  and  had 
not  degenerated,  and  were  fully  capable  of  producing  infection  in  the 
alimentary  tract  of  man.  As  a  matter  of  fact,  in  one  case  a  persistent 
diarrhoea,  due  to  Giardia  (Lamhlia)  intestinalis,  was  traced  to  the 
consumption  of  such  seemingly  clean,  but  really  contaminated,  lettuce 
leaves.  Great  care,  therefore,  is  necessary  in  the  use  of  all  salad  food. 
The  source  of  supply  of  such  i^arasites  is  in  the  majority  of  cases  to  be 
found  in  the  evacuations  of  Natives,  and  the  number  of  infections  found 
in  stools  and  in  the  intestine  itself  examined  post  viortem  shows,  not 
only  the  frequency  of  their  occurrence,  but  also  their  wide  distribution 
among  various  tribes,  the  number  of  cases  among  the  East  Coast  boys 
predominating. 

The  presence  of  numerous  \\orms  detected  at  post-mortem 
examinations  also  calls  lor  attention.  The  presence  of  tapeworms  and 
nematodes  in  human  beings  can  bo  ])roductive  of  bodily  weakness, 
particularly  among  childi'en.  The  commoner  tapeworms,  Tcenia 
saginata  froiri  the  ox  and  Tcenia  solium  irorn  the  pig,  seem  very 
prevalent,  and  as  many  as  twenty  heads  of  T.  saginata  have  been 
recovered  from  a  single  intestine.  Such  massive  infection  not  only 
has  its  effects  on  the  individual,  but  also  shows  the  great  possibilities 
of  infection  of  cattle  and  antelopes  and  other  game  from  pasture 
contaminated  with  the  ova  or  segraents  of  tapeworms  derived  from 
human  sources.  It  also  points  to  the  necessity  for  thorough  cooking 
of  all  animal  food,  and  for  the  prevention  of  the  access  of  animals  used 
for  food  to  garbage  and  excrement.  The  association  of  white  children 
with  nativ^e  nurses  who  may  be  infected  with  Helminthes  should  also 
be  strictly  sujiervised  and  regulated. 


XXIL— DIAGNOSTIC  FEATURES  OF  THE  ENTOZOA 
MENTIONED. 

Tlie  diagnostic  features  oi  the  various  Entozoa  mentioned  in  this 
paper  are  to  be  found  in  various  standard  works  dealing  with  parasit- 
ology, such  as  "The  Animal  Parasites  of  Man,"  by  Fantham, 
Stephens  and  Theobald,  and  "  Manual  of  Tropical  INIedicine,"  by 
Castellani  and  Chalmers.  As  such  books  are  not  always  available  to 
South  African  practitioners  and  Medical  Officers  of  Health,  by  request 
notes  are  appended  here  of  the  diagnostic  features  of  the  Entozoa  more 
commonly  encountered  among  the  Natives  of  the  Witwatersrand.  The 
parasitic '  Protozoa    will    bn    first    dealt    with,    and    then    the    parasitic 
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Helminthes  listed  in  the  earlier  part  of  this  report.  I  wish  to  tender 
my  hearty  thanks  to  Professor  H.  B.  Fantham  for  the  use  of  his 
excellent  illustrations  of  Protozoa,  appearing  on  P];ite  1. 

(I.)  Diagnostic  Features  of  the  Parasitic  Protozoa   mentioned  in 

til  is  paper. 

A.— -Parasitic  Sarcodina . 

Entania:ba  Itiatolytica  and  Ent(n)}(rba  coU  are  the  organisms  of 
this  group  that  are  represented. 

Enta)nocba  histolijtica  (Plate  I,  Figs.  1,  2),  the  causal  agent  of 
amoebic  dj'sentery,  is  polymorphic.  It  occurs  in  freshly  voided  stools 
containing  mucus,  which  stools  are  often  blood-stained.  Actively 
motile  Entamoebae  move  by  the  protrusion  of  processes  (pseudopodia) 
of  ectoplasm.  The  endoplasm  is  granular,  and  may  contain  red  blood 
corpuscles,  which  are  useful  aids  in  the  identification  of  E.  histolytica. 
In  acute  cases,  the  motile  feeding  trophozoites  are  large,  and  the 
nucleus  is  often  pale-staining  in  permanent  preparations.  A  slightl}' 
smaller  form  of  trophozoite,  formerly  termed  E.  tetragena,  is  found 
in  subacute  cases,  and  has  a  characteristic  nucleus  with  a  karyosome 
and  centriole  (Plate  I,  Fig.  1).  The  small  precyst  generation  of 
trophozoites  was  formerly  separately  styled  E.  tninuta.  jMultiplication 
is  by  binary  fission,  and  occasionally  by  schizogony  into  four  daughter 
forms. 

Under  favourable  conditions  encystment  occurs ;  the  round  cysts 
(Fig.  2)  produced  measure  about  10//  to  15//  in  diameter,  and  have  thin 
walls,  though  small  strains  with  cysts  varying  from  7//  to  10^  in 
diameter  are  known.  At  first  the  cysts  are  uninucleate,  but  division 
into  two,  and  finally  four,  occurs.  In  addition  to  the  four  nuclei,  one 
or  more  dark  staining  masses,  often  termed  "  chromatoid  "  or 
"  siderophile  "  bodies,  are  usually  present  in  the  C3"st. 

The  transmission  of  Entamcvha  lustohjiica  from  man  to  man  is 
usually  brought  about  by  the  contamination  of  food  or  water  with  the 
infective  cysts.  The  contamination  may  be  direct,  from  excrement 
or  seAvage,  or  the  cysts  may  be  ingested  by  files,  passed  unchanged 
through  the  bodies  of  the  insects,  and  then  be  voided  on  fruit,  milk, 
vegetable  or  other  food.  The  "  carrier  "  of  amebic  dysentery,  having 
become  relatively  immune  for  the  time  to  the  action  of  the  parasite, 
is  all  the  more  dangerous  to  r.he  community  at  large,  and  is  also  liable 
to  severe  recurrences  of  dysentery,  should  his  general  condition  of 
vitality  become  lowered. 

Entamaeha  coU  (Plate  I.  Fig.  3),  also  parasitic  in  the  human 
intestine,  might  be  confused  with  E.  histohjtica.  It  is  not  pathogenic 
in  its  action,  but  multiplies  more  rapidly  in  a  diseased  than  in  a  healthy 
intestine.  The  trophozoite  is  large,  has  a  large  round  nucleus  con- 
taining a  fairly  large  karj^osome.  but  no  marked  centriole.  Its  cysts, 
when  mature,  are  double-walled,  measm-e  about  lo//  to  20//  in  diameter. 
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ciiid  occasionally  a  diameter  of  'dOfi  is  attained.  Chroniatoid  masses  as 
a  rule  are  absent  from  the  cyst  of  E.  coJi,  which  contains  eight  nuclei 
when  fully  mature. 

"Free-living  "  Amceba:,  such  as  .1.  liimix,  art-  occasionally  found 
in  human  stools  or  in  the  human  intestine.  They  are  normally  found 
in  earth,  or  on  vegetable  matter,  and  are  to  be  regarded,  in  the  main, 
as  temporary  passengers  in  the  human  aliinentary  tract.  The  tropho- 
zoite stage  is  often  large  and  vacuolated,  while  the  niicleus  has  a  large 
central  karj'osome.  These  amoebae  are  sometimes  placed  in  a  separate 
genus,   Vahlkaiupfia . 

B .  — Pa ra s /' (ic  Ma .s ' ig op Ii n ra . 

This  largo  group  includes  the  organisms,  found  in  llu'  intestine  of 
njan,  which  ai'e  responsible  for  flagellate  dicirrlueas,  as  well  as  others 
not  yet  definitely  inculpated  as  possessing  pathogenic  properties. 

Giardia  {Lamblia)  intestinalis  (Plate  I,  Figs.  4,  5)  has  a  definitely 
pathogenic  action,  as  has  been  ascertained  by  animal  experiments  by 
Fantharn  and  Porter  (1916),  as  well  as  by  numerous  examinations  of 
the  human  intestine  post  mortem.  The  flagellate  form  (Fig.  4)  is  an 
actively  motile,  pear-shaped,  bilaterally  symmetrical  Protozoon,  being 
leaf -like  and  pear-shaped  when  seen  from  above,  and  resembling  a 
gondola  when  seen  en  profile.  A  large,  concave  sucking  disc  or 
cytostome  is  present  on  the  under  surface,  and  serves  to  attach  the 
parasite  to  the  intestinal  epithelial  cells,  especially  those  of  the 
duodenum.  .V  central  supporting  rod  or  axostyle  is  present.  Two 
large  karyosoinatic  nuclei  also  are  present,  and  two  parabasal  bodies 
are  situated  about  the  middle  of  the  length  of  the  axostyle.  Four  pairs 
of  fiagella  occur,  each  flagellum  having  a  small  basal  granule  at  its 
base.  Two  pairs  of  fiagella  are  connected  with  the  sucking  disc,  while 
the  median  ventral  pair,  which  are  the  most  active  and  prominent, 
originate  near  the  axostyle  below  the  cytostome,  and  the  fourth 
pair  form  the  terminal  fiagella.  The  organism  is  from  10^  to  21^^  long, 
and  from  5^/  to  12^/  broad.  Multiplication  by  binary  longitudinal  and 
l)y  multiple  fission  occurs  in  the  flagellate  stage.  Resistant  oval  cj'sts, 
about  lOu  to  15fi  long,  and  7/<  to  9^^  bi'oad,  ultimately  containing  four 
iniclei,  the  remains  of  the  axostyle  and  the  parabasal  bodies,  are 
produced  (Fig.  5),  and  these  constitute  the  infective  stage,  serving  for 
the  transmission  of  the  parasite  to  new  hosts. 

Infection  takes  place  by  way  of  contaminated  food  and  drink, 
liats,  mice,  and  cats  can  act  as  reservoirs  of  lambliasis,  their  excrement 
containing  numerous  cysts,  while  I  have  proved  experimentally  that 
the  cysts  can  pass  imharmed  through  the  bodies  of  house-flies,  blow- 
flies, and  cockroaches,  and  are  capable  of  re-infecting  man. 

Trichomonas  hominis  or  Trichomonas  intestinalis  (Plate  I,  Fig.  6) 
is  a  pear-shaped  organism  with  three  free  anterior  fiagella  and  an 
undulating  membrane  bordered  by  the  lateral  flagellum.  An  axostyle 
is  present,  and  a  large  nucleus  can  be  seen.  The  flagellate  measures 
10/;  to  If)^;  by   T)//  to  10^(.     Rounded ,  contracted  forms  of  the  parasite 
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live  a  relativelj-  long  time  in  moist  faeces.  Food  and  water  contami- 
nated by  infected  human  excrement,  or  by  parasitised  rats  and  mice, 
are  the  chief  sources  of  infection. 

ChiJomastix  mcsnili  (Plate  I,  Figs.  7,  8  and  9)  is  a  pear-shaped 
organism  allied  to  Trichomonas,  but  possessing  a  large  cytostome  about 
half  the  length  of  the  body.  Three  anterior  flagella  are  present,  and  a 
fourth,  perhaps  attached"^  to  a  rudimentary  undulating  membrane, 
vibrates  in-  the  cytostome  (Fig.  7).  The  flagellate  measures  about  14u 
by  7«.  There  is  no  axostyle.  Encystment  occurs,  oval  and  lemon- 
shaped  cysts  (Figs.  8,  9)  being  produced.  These  are  1/n  to  lO^t  long, 
and  in  addition  to  the  nucleus  the  cytostome  and  vestiges  of  the 
Hagella  are  found  within  the  cyst.  A  vacuole  containing  a  substance  of 
the  nature  of  glycogen  may  also  be  present.  The  cysts  serve  for 
transmission  of  the  parasite  by  way  of  food  and  drink,  and  flies  also  act 
as  transmittei's. 

Cercomonas  parva  (Plate  I,  Figs.  10,  llj.  A  tlagellate  identical 
morphologically  with  Cercomonas  parva  was  seen  on  several  occasions. 
It  agrees  with  the  original  description  of  C.  parva  given  by  Hartmann 
and  Chagas  (1910)  from  a  case  in  South  America,  and  with  that  of  the 
same  organism  as  observed  by  Fantham  and  Porter  in  cases  from 
Galhpoli  and  Egypt.  The  presence  of  the  organism  in  areas  so  diverse 
indicates  it  as  a  long-established  parasite  of  man.  The  organism  is 
pear-shaped,  the  body  measuring  ojn  to  20^^  in  length  and  3/i  to  o/a 
broad.  A  flagellum  is  present  that  traverses  the  length  of  the  body 
and  extends  beyond  it  at  both  extremities.  A  single  nucleus  is 
present.  Small,  rounded  cvsts  are  produced,  these  being  uninucleate 
(Fig.  11). 

Prowazeliia  criizi  (Plate  I,  Figs.  12.  13)  is  a  pear-shaped  flagellate 
possessing  two  flagella.  one  anterior  and  one  lateral  trailing  flagellum. 
The  nucleus  is  large  and  round.  A  blepharoplast  is  present,  and,  near 
to  it,  the  flagella  originate  from  two  contiguous  basal  granules,  which 
often  appear  as  one.  The  flagellate  fomis  are  polymoi-phic .  a  few 
i)eing  more  or  less  sausage-shaped,  others  pear-shaped,  and  yet  others 
rounded.  The  organisms  possess  a  slight  cytostome.  The  oval  and 
pear-shaped  forms  measure  Q/n  to  12^t  long,  and  they  and  the  round 
forms  are  about  5^  broad.  The  few  sausage-shaped  forms  seen  by  me 
measured  about  12^  long  and  5//,  bi'oad.  Multiplication  is  by  binary 
fission.  Encystment  occiu's,  the  round  or  oval  cysts  measuring  5/<  to 
Ifi  in  diameter  (Fig.  13). 

Bodo  stercoraUs,  n.  sp.  (Plate  I,  Fig.  19).  This  organism  is 
recorded  from  human  fjEces  for  the  first  time,  so  far  as  is  known.  The 
genus  Bodo  differs  from  Prowazekia  in  possessing  no  blepharoplast. 
Bodo  stercoraUs  closely  resembles  Prowazeliia  cruzi,  but  has  no 
blepharoplast,  and  the  cytostome  is  shallow  and  inconspicuous.  The 
body  measures  from  14^  to  19/<  long  and  is  from  6^  to  9h  broad.  The 
nucleus  is  large  with  a  distinct  kar^'osome  and  well-marked  nuclear 
membrane,  on  which  six  chromatoid  gi'anules  are  often  deposited.  Two 
small  basal  granules  ai'e  present,  from  which    the    flagella    originate. 
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The  anterior  tiagellum  is  relatively  stiff,  the  postero-lateral  one  is 
trailing  and  executes  lashing  movements.  The  postero-lateral  flagellum 
is  about  as  long  again  as  the  body.  Oval  cysts,  about  6^t  long  by  5^i 
broad,  each  contaijiing  a  nucleus  of  similar  structure  to  that  of  the 
flagellate,  are  produced.  This  flagellate  organism  may  possibly  be 
connected  with  Blastocysiis  lioniinis  (see  beJow). 

SpirochcBta  eiirygyrata  (Plate  I,  Fig.  14).  This  organism,  as 
already  noted  by  Fantham  (1915,  1917),  seems  to  be  more  numerous  in 
a  diseased  than  in  a  healthy  intestine.  The  spirochaete  has  tapering 
ends,  measures  up  to  15^t  long,  is  about  0-25^  broad,  and  exhibits 
morphological  variation.  The  number  of  its  coils  or  waves  varies  with 
the  rate  of  progression  and  the  thickness  of  the  organism.  Resistant 
coecoid  bodies  are  fonned  by  8.  eiirygyrata  and  serve  for  the  transmis- 
sion of  the  parasite.  The  Spirochsetes  are  not  strictly  Mastigophora, 
but  form  a  group  of  their  own.  the  Spirochsetacea.  They  are 
considered  here  for  convenience  only. 

BJastocystis  Iwniinis  (Plate  I,  Figs.  15,  16),  according  to 
Alexeieff  (1911),  Brumpt  (1912),  and  most  workers,  is  of  fungoid 
origin.  The  p.-aasite  appears  as  shining  spheres,  var^dng  in  diametci- 
from  2fj,  to  15^,  which  at  first  are  uninucleate,  with  a  film  of  cytoplasm 
surrounding  a  large  vacuole.  Binucleate  stages  are  frequently  seen 
(Fig.  15),  as  well  as  dividing  forms  (Fig.  16).  At  times,  multinucleate 
forms  ai"e  present,  and  still  more  rarely  cysts  containing  numerous 
daughter  spheres  are  found.  Eecently  .(1^17)  Chatton  has  stated  that 
a  Blastocystis  which  he  has  studied  in  geckos  is  a  stage  of  a  flagellate 
organism,  having  affinities  with  Bodo. 

C . — Pa rasific  Sporo.'^oa . 

The  ithief  Sporozoa  parasitic  in  the  human  intestine  are  members 
of  the  Coccidiidea,  namely,  Eimeria  stiedce  and  Isospora  bigemina  var. 
hominis.  Of  these  two  organisms  I  have  found  Isospora  both  in  stools 
and  at  post-mortem  examinations.  It  is  probable  that  Eimeria  stiedce 
will  also  be  found  parasitic  in  man  in  South  Africa,  as  it  is  a  fairly 
frequent  parasite  of  the  intestine  and  liver  of  rabbits  here,  among  which 
it  causes  epizootics. 

Isospora  bigemina  var.  Jioiiiiiiis  undergoes  multiplication  and  sexual 
I'eproduction  in  the  mucosa  of  the  small  intestine,  the  ileum  often  being 
most  heavily  infected.  Sexual  reproduction  results  in  the  formation 
of  the  infective  oocysts,  which  are  voided  with  the  faeces,  and  reach 
man  by  way  of  contaminated  food  or  drink.  These  oocysts  (Plate  I, 
Fig.  17)  are  somewhat  lemon-shaped,  are  thin-walled,  and  are  rela- 
tively frail  in  appearance.  They  measure  23|/.  to  33^  long,  and  are 
11^  to  15^  broad.  Each  oocyst,  when  mature,  contains  two  oval 
sporocysts,  lOju  to  13^  long  by  8^  to  10^  broad.  Four  sporozoites 
differentiate  within  each  sporocyst,  and  are  grouped  around  a  large 
residual  mass.  When  such  oocysts  are  ingested  by  man,  the  sporozoites 
are  liberated  as  small,  vermicular  bodies  in  the  small  intestine.  They 
rapidly  penetrate  the  epithelial  cells  in  the  jejunum  and  ileum,  become 
round,    and    grow    at    the    expense    of    th<:'    host    cell,    thus    becoming 
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trophozoites.  After  a  time  asexual  reproduction  commences,  15  to  20 
merozoites  being  produced  from  one  schizont,  and  much  epithehal 
destruction  results.  Schizogony  is  followed  by  gametogony,  and  after 
the  union  of  the  sexual  elements,  sporogony  occurs.  The  infective 
oocj'sts  and  sometimes  epithelial  cells  containing  trophozoites  or 
schizonts  are  found  in  faeces  and  serve  for  diagnosis.  I  have  proved 
experimentally  that  the  oocysts  can  jiass  unharmed  through  the 
alimentary  canals  of  the  house-fly,  Musca  do)iic^ficii ,  and  the  green- 
bottles,  Lucilia  cacsar  and  L.  sereiiissin^a,  whieli  thus  may  act  as 
carriers  of  Isospora. 

Eimeria  stieda  (Plate  I,  Fig.  18).  normally  a  jiarasite  of  hares 
and  rabbits,  is  occasionally  found  in  man.  The  oocysts  are  oval, 
varying  from  24^<  to  49^^  in  length,  and  from  12^^  to  28/^  in  breadth. 
Each  oocyst  produces  four  sporocysts  and  each  sporocyst  contains  two 
sporozoites.  The  life-history  is  similar  to  that  of  Isospora,  and  the 
infective  oocysts  are  diagnostic. 

(II.)   Diarjnosiic   Features   of  the   Parasitic    Hehiiintlics    iiioiiioned.   in 

tit  is  paper. 

Since  members  of  the  Trematoda,  Cestoua,  and  Nematoda  have 
all  been  identified  in  the  contents  of  the  human  intestine,  they  may 
be  considered  in  the  above  zoological  order. 

A  . — P'! rasitic    'Pre in atoda . 

One  genus  of  Trematoda  has  been  detected  in  stools  and  in  the 
human  intestine,  the  parasite,  Schistosoma  {Bilharzia)  mansoni, 
being  first  found  in  the  form  of  the  typical  lateral-spined  eggs  or  ova 
(Plate  II,  Fig.  8).  At  times  portions  of  the  adult  worms  were  also 
found  in  faeces.  The  ova  are  oval,  the  lateral  spine  being  situated  nearer 
one  pole  of  the  body.  The  ova  measure  from  110^  to  16o^i  in  length,  and 
are  from  60^  to  70^^  broad.  Mature  living  ova  contain  active  miracidia, 
and  when  the  ova  are  placed  in  warm  water  on  a  slide  and  examined 
under  the  microscope  the  miracidia  show  active  vibrations  of  their  cilia, 
and  eventually  force  their  way  out  of  the  eggs.  A  mature  egg,  as 
recovered  from  faeces,  is  shown  on  Plat^  II,  Fig.  8.  The  adult  worms 
cire  rarely  found  except  at  post-mortem  examinations.  Sometimes 
terminal  spined  eggs  of  Schistosoma  hcetnatobiiun  (Plate  II,  Fig.  7) 
are  found  in  fasces  which  have  been  contaminated  with  urine. 

B . — Pa ra sitic  Ccstoda . 

Three  forms  of  Cestoda  are  noted  in  this  report,  and  they  con- 
stitute some  of  the  most  widely  distributed  tapeworms.  The  pork 
tfipeworm,  Tcenia  solium,  and  the  beef  tapeworm,  Teenia  saginata,  are 
probably  better  known  than  Hyinenolepis  nana,  the  cj'sticercus  of 
which  probably  will  be  found  in  soine  insect  such  as  a  flea,  while 
the  adult  tapeworm  is  very  probably  primarily  a  parasite  of  rats  and 
mice. 
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Tcenia  soUujn  and  T(enia  saginaia  may  be  deteetccl  as  either 
scolices  ("  heads  "),  proglottides  (segments),  or  as  embryophores  con- 
taining onchospheres  (six-hooked  embryos),  incorrectly  called  eggs. 
The  head  in  each  worm  has  four  cup-like  suckers,  and  the  segments 
measure  from  9  to  35  mm.  in  length.  The  genital  pores  are  lateral, 
and  there  is  a  median  uterus  with  'ateral  branches. 

T(cnia  solium  (Plate  II,  Figs.  1,  4,  9). — The  worm,  when  entire, 
measures  usually  2  to  3  metres  in  length,  but  occasionally  longer 
specimens  occur. 

The  head  or  scolex  is  quadrangular,  about  one  millimetre  in 
diaineter  (Plate  II,  Fig.  1).  It  has  a  rostrum  which  bears  two  circlets 
of  from  25  to  50  booklets,  one  ring  of  which  measures  160^  to  180^^, 
and  the  other  llOyt  to  140^<.  The  four  suckers  are  rounded  and  con- 
spicuous. The  neck  is  fairlv  long  and  thin.  The  number  of  proglottides 
\aries  from  800  to  900. 

The  proglottides  vary  in  size  according  to  their  position  and  age. 
Segments  near  the  head  are  nmch  broader  than  they  are  long,  and 
al)out  three  feet  from  the  scolex  the  length  and  breadth  are  equal,  while 
after  that  tbey  are  longer  than  they  are  broad.  The  genital  pores 
alternate  fairly  regularly.  Sexually  mature  segments,  after  clearing, 
show  the  uterus  with  few,  usually  7  to  10,  lateral  branches,  these 
being  often  dendriform  (Plate  II,  Fig.  4).  Segments  suflticiently 
mature  for  detachment  are  from  10  to  12  mm.  long,  and  from  5  to  0 
mm.  broad.  The  mature  segments  often  escape  in  chains,  and  do 
not  exhibit  active  movements  like  those  of  Tcpnia  saginata. 

The  "  ova,"  really  embrj-ophores  (Plate  II.  Fig.  9),  are  spherical, 
with  a  radially  striated  shell.  Each  measures  31^<  to  36ju  in  diameter, 
and  the  onchosphere  or  hexacanth  embryo,  which  is  provided  with  six 
booklets,  is  also  spherical  and  is  about  20^t  in  diameter. 

Tcenia  saginata  (Plate  II,  Figs.  2,  5,  10),  the  beef  tapeworm,  is 
lai'ger  than  T.  soJiu))i.     It  measures  from  4  to  10  metres  in  length. 

The  head  is  pyriform  to  cubical  in  shape,  and  has  neither  rostrum 
nor  hooks;  it  is  1  to  2  mm.  in  diameter.  The  suckers  are  hemispherical 
and  are  often  pigmented.  A  small  sucker-like  organ  replaces  the 
rostellum  (Plate  II,  Fig.  2). 

The  neck  is  long  and  about  half  the  breadth  of  the  head. 

The  proglottides  number  about  1,000,  and  are  about  16  nun.  to 
20  mm.  long  by  4  mm,,  to  7  nmi.  broad  when  mature  enough  for 
detachment.  They  have  been  compared  in  appearance  v.ith  melon 
and  pumpkin  seeds.  The  genital  pores  alternate  fairly  regularly.  The 
uterine  branches  are  numerous,  20  to  30  being  ])resent  in  a  segment, 
and  usually  show  dichotomy  (Plate  II,  Fig.  5). 

The  embryophores  are  ovoid,  dOjn  to  40^i  long  by  20<<  to  30^{ 
broad  (Plate  II,  Fig.  10).  The  shell  is  somewhat  more  transparent 
than  that  of   T.   snJiiiDi,   and   the  onchosphere   has  the  three  pairs  of 
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hooks  sometimes  diverging  somewhat  more  widely  than  those  of  T. 
sclinm.  However,  in  actual  practice,  it  is  not  t^asy  to  distinguish 
between  the  embr^-ophores  of  T.  solium  and  T.  sayiiiata. 

Hyinenolepis  nana  (Plate  II,  Figs.  3,  6,  llj  is  a  smaller  tapeworm 
of  man,  being  usually  from  10  mm.  to  -rO  mm.  long  and  from  0'5  mm. 
to  0'9  mm.  broad. 

The  head  has  a  short,  thick  retractile  rostrum,  furnished  \Aith  a 
single  circle  of  20  to  80  hooklots  (Plate  II,  Fig.  3).  The  conspicuous 
suckers  are  about  0'08  mm.  in  diameter. 

The  proglottides  are  about  200  in  number  and  are  very  narrow. 
They  are  from  0'4  mm.  to  0*9  mm.  in  breadth  anrl  0-14  mm.  to  0'3 
mm.  in  length.  The  genital  pores  are  unilateral  and  marginal.  The 
sexually  mature  segments  contain  three  testes  (a  diagnostic  feature), 
with  a  single  vesicula  serninalis,  a  branched  ovary  beneath  which  is 
a  vitelline  gland,  and  a  large  simple  vagina  (Plate  II,  Fig.  6). 

The  "  eggs,"  or  einbryophores,  are  globular  or  ova!  with  two 
distinct  membranes,  one  of  which  is  an  uterine  shell  (Plate  II,  Fig.  11). 
The  outer  dimensions  are  30^^  to  60/^,  the  inner  16//  to  34//.  A  mam- 
millate  projection  inay  be  present  at  each  pole. 

C . — Pa rasitic  Nc ma toda . 

The  principal  parasitic  Nematoda  observed  in  the  stools  or  intestines 
of  Natives  are  AucyJostoDia  dnodcnale,  Ascaris  litinbricoidcs,  and 
Trichuris  tricliiina.  T  have  also  found  Oxijiiris  vcrmiciilaris  on  one 
occasion. 

Ancylostoma  duodenale,  or  "  hookworm,'"  one  of  the  chief  causal 
agents  of  tropical  anosmia,  is  a  round  worm  with  a  cylindi'ical  body 
tapering  1o  the  head.  The  anterior  extremity  is  curved  towards  the 
dorsal  surface  of  the  body.  The  mouth  is  large  and  round,  and  two 
pairs  of  hook-like  teeth  are  present  on  the  ventral  margin,  and  there 
is  a  small  pair  on  the  dorsal  surface  of  the  mouth.  Two  ventral 
chitinous  plates  are  present  in  the  floor  of  the  mouth,  and  there  is  a 
prominent  projection  due  to  the  opening  of  the  dorsal  head  gland,  this 
prominence  being  sometimes  termed  a  tooth.  Both  male  and  female 
agree  in  the  above  particulars. 

The  male  Ancylostoma  is  about  8  mm.  to  11  nun.  long  by  0*4  mm. 
to  0-5  mm.  broad.  It  has  a  bursa  copulatrix  at  the  posterior  end,  the 
bursa  being  umbrella -shaped  and  supported  by  chitinous  rods.  These 
rods  or  costae  are  characteristic  in  their  aiTangement-  In  the  median 
dorsal  line  is  the  dorsal  costa,  which  bifurcates  into  two,  each  of  which 
is  trifid.  Posterolaterally  one  root  passes  out,  the  single  costa  dorsalis 
externa.  In  front  of  the  costa  dorsalis  externa  is  a  broad  root  with 
three  branches,  these  being  termed  the  costa  lateralis  posterior, 
costa  lateralis  media,  and  costa  lateralis  externa  respectively. 
1'he  ventral  portion  of  the  bursa  is  supported  by  the  bifid  cosi.i 
ventralis  on  each  side.     Two  long  copulatory  spicules  project  through 
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tlie  opening  of  the  bursa.  They  may  be  as  much  as  2  mm.  in  length. 
The  testis  is  tubular,  the  vesicula  seminalis  is  oval,  and  a  long  cement 
gland  is  present. 

The  female  Ancylostoma  is  about  12  mm.  long,  and  the  body  ends 
})osteriorly  in  a  spike  which  may  be  broken  off.  The  vagina  opens 
about  1  mm.  behind  the  middle  of  the  length  of  the  body.  Two  long 
tubular  bodies  uniting  to  form  a  single  vagina  constitute  the  female 
reproductive  organs.  The  ovaries  form  oblique  coils,  and  each  is 
thickened  at  its  distal  end  to  form  a  uterus,  the  oviduct  lying  between 
the  ovary  and  the  uterus.  The  part  of  the  uterus  continuous  wdth  the 
oviduct  acts  as  a  seminal  receptacle.  The  eggs  or  ova  are  oval,  and 
thin  shelled,  the  shell  appearing  to  be  single  (Plate  II,  Fig.  12), 
though  it  is  really  double  in  contour.  The  eggs  are  about  60^  long  by 
■^JO^.  broad,  and  as  found  in  freshly  shed  faeces  show  2  to  4  blastomeres, 
as  a  rule.  Larvae  are  found  only  in  eggs  from  old  faeces,  but  at  a 
temperature  of  from  25°  C.  to  30°  C.  an  embryo  is  developed  in  about 
48  hours. 

For  diagnostic  purposes,  slightly  developed  eggs  are  to  be  sought 
in  fresh  stools  prior  to  treatment,  eggs  containing  embryos  are 
found  in  stools  that  have  been  kept,  but  the  embryos  are  not  so  far 
developed  as  those  of  Strong yloidcs  stcrcoralis,  with  which  they  might 
be  confused.  The  Ancylostomes  themselves  are  usually  recovered 
from  the  faeces  after  treatment  of  the  patient  with  thymol. 

Infection  occurs  by  way  of  contaminated  soil.  A  rhabditiform 
larva  issues  from  the  egg,  and  after  an  ecdysis  or  moulting  alters  some- 
what in  structure  and  becomes  the  resistant,  infective,  filariform  larv'a. 
which  forms  a  new  skin  beneath  the  old  one,  but  retains  the  old  one  as 
a  loose  covering.  This  filariform  larva  pierces  the  skin  of  man  and 
ultimately  finds  its  way  to  the  alimentary  tract,  especially  the  jejunum, 
where  development  into  the  adult  woitu  subsequently  occurs. 

Ascaris  lunibricoidcs,  or  round  worm  of  man.  These  worms  are 
large.  The  males  measure  from  15  to  17  or  even  25  cm.  long,  and  the 
females  may  attain  a  length  of  40  cm.,  though  most  are  about  25  cm. 
long.  The  body  varies  in  colour  from  greyish  yellow  to  reddish  yellow, 
has  a  striated  cuticle,  and  is  capable  of  considerable  extension  due  to 
its  elasticity.  Two  well-marked  lateral  lines  are  present.  The  head  is 
small  and  has  three  oral  papillae  or  lips,  which  are  finely  denticulate. 
The  dorsal  papilla  bears  two  sensory  papillae,  and  the  other  two  papillae 
each  have  one  sensory  papilla. 

The  male  Ascaris  has  a  curved  posterior  extremity  provided  with 
two  marked  spicules,  each  about  2  ixim.  long.  The  cloacal  orifice  is 
provided  with  70  to  75  papillae,  seven  pairs  being  post-anal. 

The  female  has  convoluted  ovaries,  and  the  genital  aperture  is  in 
the  anterior  third  of  the  body.  The  posterior  end  of  the  body  is 
relatively  straight  and  without  spicules. 

The  eggs  or  ova  (Plate  II,  Fig.  13)  are  elliptical,  with  a  thick, 
transparent  shell,  which,  in  the  case  of  the  freshly  laid  egg,  is  invested 
with   a   gelatinous   or   albuminous   coat   formi)ig   a    series   of  wave-like 
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protuberances,  aucl  may  be  bile-stained.  The  ova  measure  50;<  to  lojn 
long,  and  are  from  40«  to  55^  broad.  The  ova  when  freshly  deposited 
are  unsegmented.  The  albuminous  ccat  disappears  on  keeping  the 
stool . 

Trichuris  trichiura,  the  ""  whijj-worm,"  is  a  small  worm  having  the 
anterior  part  of  the  body  very  long  and  thread-like,  while  the  posterior 
part  is  much  thicker,  that  of  the  male  being  spirally  coiled.  The  anus 
is  posterior. 

The  male  measures  from  35  mm.  to  45  mm.  long,  and  has  a 
spicule  about  2-5  mm.  long,  surrounded  by  a  retractile  sheath 
possessing  numerous  minute  spicules. 

The  female  measures  35  mm.  to  50  mm.  long,  the  anterior  filiform 
portion  of  the  body  being  about  two-fifths  of  the  total  length. 

The  eggs  or  ova  have  a  characteristic  barrel-shaped  or  "  tea-tray  " 
contour,  the  thick  shell  being  brownish  in  colour  and  perforated  at  the 
poles  (Plate  II,  Fig.  14).  The  perforations  are  each  closed  by  a  light- 
coloured  plug,  and  the  egg  covering  then  resembles  a  tea-tray  in  shape. 
The  ova,  as  found  in  fresh  faeces,  have  undifferentiated  contents.  The 
ova  measure  on  the  average  50^  long  by  23^  broad. 

Oxyuris  vermicnJaris,  or  "seat-worm,"  is  white  in  colour, 
having  a  striated  cuticle  which  projects  outwards  from  the  anterior  part 
of  the  body  as  flanges  in  the  mid-dorsal  and  mid-ventral  lines,  lateral 
flanges  also  being  produced.  The  mouth  possesses  three  small  retractile 
labial  papillae. 

The  male  Oxyuris  is  small,  measuring  2  mm.  tc  5  mm.  long.  The 
posterior  end  of  the  body  is  curved  and  shows  six  papillae.  A  hook-like 
spicule  lOjii  long  is  present. 

The  female  is  larger,  measuring  up  to  10  mm.  in  length.  The 
vulva  is  situated  in  the  anterior  third  of  the  body.  The  anus  is  about 
2  mm.  from  the  tip  of  the  tail. 

The  eggs  or  ova  are  oval,  as^'mmetric,  with  double  contoured 
though  rather  thin  walls  (Plate  II,  Fig.  15).  They  measure  50^/  to  55^/ 
by  16/<  to  25^/.  When  fresh,  they  contain  clear,  tadpole-like  embryos, 
which  become  coiled  and  nematode-like  later.  The  ova  escape  "per 
anum,  and  are  usually  re-introduced  into  the  host  or  conveyed  to  new 
hosts  by  the  fingers,  which  become  contaminated  by  scratching.  Adult 
worms  can  also  escape  per  anum,  and  are  capable  of  re-infecting  man. 

XXIIL— OX  THE  EXISTEXCE  OF  A  "NORMAL"  PROTISTAX 
FAUNA  OF  THE  HUMAX  IXTESTIXE. 

The  use  of  analogy  is  a  dangerous  procedure.  Recently,  possibly 
from  motives  of  expediency,  it  has  been  alleged  by  Wenyon  (1917)  that 
a  "  nomial  protozoal  fauna  "  of  the  human  intestine  exists  because  a 
bacterial  flora  has  been  recognised,  which  has  been  considered  both 
non-pathogenic  and  universal.  It  is  overlooked  that  the  hfe  processes 
of  bacteria—  many  "  bacteria  "  cf  a  few  years  aga  are  now  proved  to 
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1)6  fungoid  in  nature — are  of  a  very  different  character  from  those  of 
animals.  The  conditions  under  which  many  bacteria  hve  are  totally 
repellent  to  animal  life,  and  the  environment  of  the  culture,  in  which 
many  bacteria  flourish  exceedingly,  often  proves  fatal  tO'  a  Protozoon 
introduced  therein. 

Again,  because  flagellates  have  been  found  in  the  stools  of  patients 
not  obviously  suffering  from  intestinal  affections,  that  is,  in  "  carrier  " 
cases,  it  is  unwarranted  to  conclude  that  such  flagellates  are  harmless. 
The  effects  of  mass  reactions  always  need  consideration,  and  while  the 
effect  of  a  few  organisms  may  be  very  slight,  the  consequences  of  their 
vigorous  multiplication  may  be  serious.  It  is  unsound  to  ignore  the 
presence  of  any  unicellular  organism  that  is  dependent  for  its  nourish- 
ment on  the  intestinal  contents  or  the  tissues  of  the  body  of  man ;  more 
especially  is  this  so  in  the  cases  of  certain  of  them  when  their 
pathogenicity  has  been  established,  not  from  morphological  considera- 
tions alone  (as  has  apparently  been  inferred  by  Wenyon),  but  from  a 
series  of  animal  experiments,  details  of  which  were  published  in  the 
British  Medical  Journal  of  July  29,  1916,  which  evidence,  easily 
accessible  in  Egypt,  has  been  ignored. 

It  is  one  thing  to  allege  dogmatically  that  a  natural  intestinal  fauna 
exists,  but  quite  another  thing  either  to  prove  such  a  hypothesis  or  to 
produce  definite  evidence  in  support  of  such  a  statement.  From  a 
consideration  of  the  Protista  found  in  many  thousands  of  stools  of 
Europeans  examined  in  England,  as  well  as  those  of  the  Natives 
detailed  in  this  report,  it  seems  to  me  that  of  all  the  Protist  organisms 
found  in  the  human  intestine,  two  only  can  be  regarded  as  of  general 
occurrence,  namely,  Enta^ynceha  coli  and  Spirochceta  etirygyrata.  Even 
in  these  cases,  in  which  a  certain  degree  of  mutual  tolerance  between 
host  and  parasite  has  been  established,  the  presence  of  the  organisms  in 
large  numbei's  serves  as  an  indication  of  a  more  or  less  diseased  condi- 
tion of  the  alimentary  tract.  Such  organisms  as  Blastocystis  hominis 
have  been  regarded  by  some  as  so  harmless  that  their  presence  can  be 
totally  disregarded.  The  evidence  on  which  such  an  assumption  rests 
is  extremely  scanty,  and  the  frequent  association  of  these  organisms 
with  stools  of  abnormal  consistencies,  odours,  and  reactions  needs 
further  investigation. 

Other  parasitic  organisms  such  as  Giardia  intestinalis,  Trichomonas 
hominis,  and  (Jhilomastix  inesnili  are  definitely  known  to  be  pathogenic 
in  their  action.  The  work  of  Escomel  (1913,  1917),  Mello  Leitao  (1913), 
and  others  in  South  America,  of  Lvnch  (1915)  in  the  United  States, 
of  Mathis  (1914)  and  of  Noc  (1909)  in  Tonkin,  of  Chalmers  and  Pekkola 
(1918)  in  Khartoum,  of  Brumpt  (1912)  in  France,  and  of  Fantham  and 
Porter  (1916)  in  England,  among  others,  has  firmly  established  that 
these  organisms  can,  and  do,  produce  intestinal  disorders  that  are 
sufficiently  distressing  and  debilitating  to  warrant  careful  attention. 
The  present  work  has  shown  that  in  no  case  were  these  flagellates 
detected  in  men  whose  m.otions  were  absolutely  normal,  and  that  in 
every   case   in   which    these    parasites   were   discovered   post    mortem. 
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iuflammator}^  oedema  was  manifested,  and  in  some  cases  definite  ulcers 
with  overhanging  margins  had  been  produced.  As  a  special  memoir  on 
flagellate  diarrhoeas  is  in  course  of  preparation,  the  subject  need  not  be 
pursued  further  here,  bat  it  is  certain  that  to  regard  Giardia, 
Tiiclinmonas,  and  Chilomastix  as  "  normal  "  inhabitants  of  the  human 
hitestinal  tract  is  both  inaccurate  and  misleading.  There  is  no  doubt 
that  the  original  source  of  these  intestinal  flagellates  is  to  be  found  in 
parasites  of  domestic  vermin,  such  as  rats  and  mice,  by  whose  infected 
excrement  human  food  and  drink  are  contammated.  Such  an  origin 
has  been  established  by  the  work  of  many  investigators  in  Italy, 
France,  England,  Tonkin,  and  many  parts  of  South  America.  I  can 
add  to  the  list  of  hosts  usually  implicated  in  the  transference  of 
Giardia  intesiinaJis,  Trichomonas  intestinalis  and  Chilomastix  mesnili 
to  human  food  those  common  pests  of  kitchens,  the  cockroaches, 
frequently  found  in  bakehouses  and  similar  establishments.  By 
allowing  these  insects  access  to  infected  excrement  and  collecting  and 
examining  the  faecal  masses  voided  by  them,  I  have  ascertained  that 
they  could  ingest  the  cysts  of  these  flagellate  Protozoa,  and  that  the 
Iptter  passed  unchanged  through  their  bodies.  The  said  cysts  when 
fed  to  white  rats  with  bread  caused  the  rodents  to  contract  a  flagellate 
diarrhoea,  and  from,  the  fgecal  pellets  of  the  rodents  cysts  again  were 
recovered.  Thus,  cysts  of  Giardia,  Trichomonas,  and  Chilomastix 
originally  derived  from  man  were  transferred  successively  from  man  to 
the  cockroach,  thence  to  the  rat,  whence  by  way  of  contamination  of 
cereal  food  bv  the  faeces  of  the  prowling  rat,  the  parasite  could  again 
reach  man. 

The  route  of  the  flagellates  associated  with  diarrhoea  can  also  be 
a  direct  one,  cysts  from  an  infected  person  reaching  another  by  way 
of  sewage-contaminated  water,  or  vegetable  food  similarly  fouled.  The 
effects  of  the  parasites  on  the  hosts  are  hardly  consistent  with  normal 
conditions,  nor  can  the  parasites  be  considered  normal  occupants  of 
the  human  intestine. 

The  widespread  occurrence  of  Helminthes  among  Natives  contrib- 
uting to  the  Johannesburg  population  has  been  shown  both  by  Dr. 
Turner's  investigations  (1910)  and  by  my  present  results.  It  has  been 
well  established  that  such  worms  are  harmful,  and  I  do  not  think  that 
anyone  would  venture  to  designate  Taenia  solium,  Ancylostoma 
duodenale  or  Schistosoma  mansoni  as  factors  of  a  "  normal  "  fauna  of 
the  human  intestine.  Since  such  fallacious  statements  are  not  applied 
to  the  Hehninthes  found  in  man,  there  is  no  reason  why  they  should 
be  applied  to  the  Protista  found  in  the  body  of  Jiian.  Harmony  between 
host  and  parasite  may  become  established,  but  as  soon  as  anj^thing 
occurs  to  interfere  in  any  degree  with  the  balance  thus  established,  the 
mutual  tolerance  breaks  down,  the  true  nature  of  the  Protist  asserts 
itself,  the  reaction  on  the  part  of  the  host  is  temporarily  insufficient 
to  re-establish  the  balance  of  power,  and  pathogenicity'  becomes 
a]'.parent.  The  seemingly  harmless  "'  passenger  "  Protist  under  normal 
health  conditions  can  become  the  virulent  parasite  under  conditions 
somewhat  renioved  from  the  normal. 
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Thus,  it  seems  highly  probable  that  a  protozoal  fauna  of  the 
human  intestine,  that  is  in  any  way  comparable  with  the  bacterial  flora 
of  that  organ,  does  not  exist  except  perhaps  in  the  very  limited  form 
provided  by  Entamoeba  coJi  and  Spirochceta  eurygyrata;  and,  as  before 
mentioned,  large  numbers  of  these  organisms  are  an  indication  of 
intestinal  disorder,  and  hence  strictly  cannot  be  regarded  as  normal. 


XXIV.— GENERAL  CONCLUSIONS. 

The  native  population  of  the  Johannesburg  area  is  very  hetero- 
geneous in  character,  the  chief  contributing  areas  from  which  its 
fluctuating  constituents  are  derived  being  the  East  Coast,  Cape 
Province,  the  Transvaal,  Basutoland  and  Natal.  Among  all  these 
Natives  endoparasitic  infestation  is  common,  both  Protozoa  and 
Helminthcs  being  represented. 

Infections  with  one,  two  or  more  Entozoa  occur.  Six  kinds  of 
parasitic  organisms  have  been  found  simultaneously  in  a  single 
intestine.  Protista  are  common,  but  being  microscopic  are  more  easily 
overlooked  than  the  larger,  obvious  helminthic  parasites.  Nevertheless, 
the  mass  action  of  minute  Protozoa  may  be  more  serious  in  their 
effects  on  the  host  than  the  larger  and  obvious  helminthic  parasites. 

The  parasitic  Protozoa  of  known  pathogenic  action  that  have  been 
detected  in  the  stools  of  Nati\es  and  of  a  few  Europeans  in  Johannes- 
burg include  Entcnncvha  histolytica,  the  excitant  of  amoebic  dysentery; 
Giardia  intestinalis,  Trichomonas  intestinalis,  and  Chilomastix  mesnili, 
which  are  associated  with  various  flagellate  diarrlueas;  and  Isospora 
higetnina  var.  honiinis,  which  can  cause  coccidial  dian'hoea. 

In  a  few  cases,  rarer  parasites  have  been  observed.  These  include 
species  of  Prowazekia,  Bodo  and  Cercomonas,  often  considered  not  to 
be  pathogenic,  and  "  free-living  "  Amoebae,  which  latter  are  transient 
occupants  of  the  intestinal  tract,  their  normal  habitat  being  earth  or 
vegetation. 

Entama'ba  coli  and  SpirocJiceta  eurygyrata  are  very  widely  distri- 
buted parasites,  have  long  been  habituated  to  life  in  the  human 
intestine,  and  a  state  of  mutual  harmony  more  or  less  exists  between 
them  and  their  hosts.  Nevertheless,  it  has  been  found  that  these 
parasites  multiply  more  abundantly  in  an  miheaithy  intestine  than 
they  do  in  a  normal  one,  and  their  presence  in  large  numbers  may 
serve  as  an  indication  of  intestinal  disorder. 

The  number  of  infections  with  Entamoeba  histolytica  that  have 
been  observed  can  be  considered  as  some  index  of  the  number  of 
sporadic  cases  normally  present  among  a  population  living  under 
normal  conditions,  and  indicate  also  the  possibilities  of  amoebic 
dj'sentery  occurring  in  epidemic  form,  should  conditions  of  living  lower 
the  standard  of  health  now  prevailing.  Under  less  favourable  con- 
ditions of  living,  diseases  now  relatively  quiescent  and  sporadic  tend 
to  become  fulminating  and  epidemic.    The  main  modes  of  transmission 
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of  E.  histolijiica  to  man  are  by  direct  infection  of  food  and  water,  and 
by  indirect  infection  by  way  of  flies.  Carriers  of  cysts  are  serious 
sources  of  danger  or  potential  danger  to  those  persons  with  whom  thej' 
airsociate. 

The  same  remarks  apply  to  the  wide  tribal  distribution  of  such 
parasitic  Flagellata  as  Giardia  intestinalis,  Tnchotnonas  intestinalis, 
and  Chiloinaxfix  mcsnili.  Each  of  these  organisms  is  capable  of  pro- 
ducing flagellate  diarrhoea,  and  also  each  is  difficult  of  elimination  from 
the  alimentary  tract  when  it  has  once  become  established  there. 

Distressing  diaiThoea  in  adults,  and  some  forms  of  "  green  "'  or 
■■  infantile  "  diarrhoea  in  children,  in  Johannesbvu-g,  have  been  traced 
to  the  presence  of  these  parasites,  and  with  their  elimination  under 
suitable  treatment  the  diarrhoea  has  ceased.  Post-mortem  examina- 
tions of  Natives  and  of  subinoculated  animals  have  established  their 
pathogenic  action,  and  it  seems  probable  that  many  obscure  intestinal 
troubles  that  are  difficult  of  elimination  may  be  due  to  these  organisms. 
Natural  reservoirs  of  these  flagellates  are  found  in  such  domestic 
vermin  as  rats,  mice  and  cockroaches,  whose  infected  excrement  in 
cereal  and  faiinaceous  food  is  one  source  of  infection,  the  cysts  voided 
with  human  faeces  which  contaminate  food  being  the  other. 

Sporozoa,  such  as  Isospora  higemina  var.  liominis,  have  been  proved 
to  be  pathogenic  to  laboratory  animals  such  as  cats  and  white  rats,  in 
which  they  may  excite  marked  enteritis,  sometimes  with  fatal  results. 
In  man,  though  they  do  not  alwaj's  produce  acute  symptoms,  they  have 
been  found  in  conditions  of  severe  dian-hoea,  blood  and  mucus  being 
present  in  the  evacuations,  as  I  have  myself  observed.  The  oocysts 
pass  unchanged  through  the  alimentary  canals  of  the  house-fly,  Musca 
domestica,  and  the  green-bottles,  Lucilia  ccesar  and  Lucilia  serenissima, 
which  consequently  may  act  as  carriers  of  Isospora.  Cats  and  rats  may 
also  act  as  reservoirs. 

The  danger  of  the  promiscuous  habits  of  some  of  the  Natives,  whose 
evacuations  are  so  deposited  as  to  contaminate  water  and  foliage,  as 
well  as  serving  as  an  attraction  to  such  transmitters  or  carriers  as  flies, 
is  obvious.  It  seems  very  probable  that  infected  Natives  serve  as 
reservoirs  of  disease.  Preventive  measures  against  soil  pollution  and 
fly  breeding  and  fly  activities  need  vigorous  prosecution. 

Helminthic  infections  are  widely  distributed  among  Natives. 
Eosinophilia  and  anaemia  are  common  results  of  worm  infestation,  and, 
if  only  in  a  shght  degree,  lower  the  vitality  of  the  infected  person, 
whose  resistance  to  other  diseases  is  less  marked  in  consequence.  The 
elimination  of  worm  infections  needs  attention,  and  it  appears  desirable 
that  some  attempt  should  be  made  to  inculcate  sanitary  habits,  both 
with  respect  to  preparation  of  food  and  to  disposal  of  sewage. 

The  numerous  cases  of  infestation  with  Tcenia  saginata  and  Tcenia 
solium,  due  to  the  use  of  imperfectly  cooked  beef  or  pork  respectively, 
call  for  more  attention  to  the  proper  cooking  of  meat  and  consequent 
destruction  of  the  bladder-worm  stages  of  these  parasites.  Further, 
the  disposal  of  infected  human  excrement,  in  which  tape-worai  eggs 
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may  be  present,  should  be  so  arranged  that  there  is  no  contamination 
of  herbage  on  which  pigs  or  cattle  feed.  By  preventing  the  develop- 
ment of  the  eggs  into  bladder- worms  in  pigs  or  cattle,  the  development 
of  tape-worm  stages  in  man  are  rendered  impossible,  while  the  proper 
cooking  of  meat  also  aids  in  tape-worm  eradication.  The  presence  of 
Hj'menolepis  in  man  is  the  result  of  faulty  protection  of  food  from 
pollution  by  domestic  pests,  such  as  rats  and  mice,  the  fleas  infesting 
these  animals  transmitting  the  bladder-worms  to  human  food.  The 
necessary  preventive  measures  are  obvious. 

Nematode  infections  also  are  numerous.  The  anaemia  due  to 
Ancylostoma  duodenale  is  too  well  known  to  need  comment.  As  the 
infective  filariform  larvae  of  Ancylostoma  gain  access  from  polluted  soil 
to  the  skin  of  man,  the  prevention  of  soil  pollution  is  essential.  This, 
combined  with  energetic  treatment  of  persons  found  to  be  infected,  is 
necessary  to  prevent  sporadic  infections  assuming  an  epizootic  form 
under  favourable  circumstances. 

Ascaris  himhricoides  and  Tricliuris  tiichiura  are  also  common.  A 
toxin  has  already  been  isolated  from  Ascaris,  and  the  possible  effect  of 
masses  of  these  worms  in  causing  intestinal  obstruction  is  obvious. 
The  fact  that  they  are  common  does  not  diminish  the  necessity  for 
their  elimination  from  the  human  body,  and  the  said  elimination  is 
followed  by  improved  health. 

Infections  with  the  Trematode,  Schistosoma  inansoni,  were 
observed  in  a  few  cases,  severe  diarrhoeic  or  dysenteric  conditions  being 
present  in  each  case.  The  danger  of  pollution  of  water  with  infected 
faeces,  and  of  thus  infecting  the  water  snails  whence  the  Schistosome 
cercariae  can  2-each  man,  is  obvious.  Similar  remarks  apply  to  the 
polhition  of  water  with  urine  containing  the  eggs  of  Schistosoma 
lueritatobium. 

Thus,  helminthic  infections  of  man  need  elimination,  and  the  old 
statement  that  no  animal  parasite  is  entirely  harmless  to  man  is  as 
true  to-day  as  it  was  many  years  ago,  and  neither  Protozoon  nor 
Helminth  can  be  excepted. 
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EXPLANATION  OF  PLATES. 

All  figures  were  outlined  with  an  Abbe-Zeiss  camera  lucida,  using  16  mm., 
4  mm.  or  2  mm.  apochromatic  or  1-12  inch  achromatic  objectives,  with  com- 
pensating oculars  8,  12  or  18  or  Huyghenian  ocular  2.  The  approximate 
magnification   is  given  in  each  case. 

Plate  I. 

Figs.     1,  2. — Entamaeha  histolytica. 

Fig.  1. — Entamceha  histolytica.  Trophozoite  showing  nucleus  with  karyo- 
somo  and  centriole,  and  two  ingested  red  blood  corpuscles. 
X  1300. 

Fig.  2. — Entamneha  histoh/tica.  Tvpical  cyst  with  four  nuclei  and  chroma- 
toid  body,     x  2000. 

Fig.  3. — Entayna'ha  coli.     Typical  cyst  with  eight  nuclei,     x  2000. 

Figs.  4,  5. — (jliardia  (Lainhlia)  intcstinalis. 

Fig.  4. — Giardia   intcstinalis.      Flagellate   form,      x   2500. 

Fig.  5. — Giardia   intcstiii(dis.     Cyst,     x  2500 

Fig.  6. — Tiichomonas  hominis  or   ititcsfinalis.      Flagellate   form,      x  2000. 

Figs.  7,  8,  9. — Chilomastix  (Tetramitus)  mesnili. 

Fig.  7. — Chilomastix  mesnili.     Flagellate  form,     x  2500. 

Figs.  8,  9. — Chilomastix  mesnili.  Cysts.  Fig.  8,  Oval  cyst.  Kig.  9,  Lemon- 
shaped  cyst,     x  2500. 

Figs.   10,  11. — Cercomonas  parva. 

Fig.     10. — Ccrcomoiais  parra.     Flagellate  form,     x  2500. 

Fig.     11. — CcrcDmonas   parva.     Cyst,      x   2500. 

Figs.   12,  13. — Prowazekia   cruzi. 

Fig.     12. — Prowazekia  cruzi.     Flagellate  form,     x  2400. 

Fig.     13. — Prowazekia    cruzi.      Encysted    form,      x   2400. 

Fig.  14. — Spirochcetci  eurygyrata,  group  showing  morphological  variation. 
X    1400. 

Figs.   15,   16. — Bla.stocj/stis  hominis. 

Fig.     15. — Blast ocystis  hdininis.     Typical  binucleate   form.      .\  1800. 

Fig.     16. — Blastocystis  hominis.     Dividing  form,     x   1800. 

Fig.  17. — IsosjJora  bigemina  var.  hominis.  Oocyst  containing  two  sporocysts 
each  with  four  sporozoites.     x  1000. 

Fig.  18. — Eimeria  stieda\  Oocyst  containing  four  sporocysts  each  with  two 
sporozoites.     x  1000. 

Fig.     19. — Bodo  stercoralis,   n.  sp.     Flagellate  form,     x  1500. 


Intestinal  Entozoa 


.^ 


S.A.  IxsT.  Mf.d.  Besearcii, 
^Ikmoir  XI. 


Plate  I. 


B.  Fantltam  and  A.  Porter  del 


Annie  Porter  389 


Explanation  of  Plate  II 

OVERLEAF. 


390  Intestinal  Entozoa 


Fig. 

1. 

Fig. 

2 

Fig. 

3 

Fig. 

4, 

Fig. 

•5 

Fig. 

6 

Pl.4TE    II. 

-Taenia  solium.     Head  showing  suckers  and  hooks,     x  45. 

-T<rnia   saginata.     Head  showing  fonr  suckers,     x  25. 

-Hymenolepis  nana.     Head,     x  75. 

-Taenia  solivm.     Mature  proglottis  showing  fully  developed  uterine 
branches,     x  4. 

-Taenia     saginata.       Mature     proglottis     showing     fully     developed 
uterine  branches,     x  4. 

-Rymenolepi.'i   nana.      Two    proglottides   showing    three   testes    and 
one  ovary  per  segment,     x  80. 

Fig.       7. — Schistosoma  hcematohium.     From  urine.     Egg  or  ovum  with  ter- 
minal spine  and  miracidium  inside,     x  250. 

Fig.       8. — Schistosoma  mansoni.     Egg  or  ovum  with  lateral  spine,     x  250. 

Fig.       9. — Taenia  .mlium.     Embryophore.     x  500. 

Fig.     10. — Tccnia  saginata.     Embryophore.     x  500. 

Fig.     11. — Hymenolepis  nana.      Globular   embryophore   with   thick   membrane 
and  outer  uterine  shell,     x  250. 

Fig.     12. — Ancylostoma  duodenale.     Egg,   as  found  in  faeces,     x  350. 
Fig.     13. — Ascaris  lumhricoides.     Egg,  with  gelatinous  coat,     x  450. 
Fig.     14. — Trichuris  trichiura.     Tea-tray  shaped  egg.     x  400. 
Fig.     15. — Oxyuris      vermicularis.        Asymmetrical      egg,      with      tadpole-like 
embryo,     x  350. 
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THE  BACTERIOLOGY  OF  EPIDEMIC  INFLUENZA 
ON  THE  WITWATERSRAND. 

By  F.  S.  Lister. 

The  pandemic  of  so-called  "  Spanish  "'  Influenza  first  made  its 
appearance  on  three  of  the  gold  mines  of  the  ^Yitwatersrand  on 
September  22nd,  1918.  Each  of  these  mines  is  situated  in  the 
"  Central  Area,"  that  is,  in  the  town  of  Johannesburg  itself.  It  is 
probable  that  isolated  cases  had  passed  unrecognized,  amongst  the 
community  generally,  earlier  than  this  date. 

The  disease  broke  out  on  the  above  date  with  great  suddenness,  so 
that  within  twenty-four  hours  thousands  of  mine  Native  labourers  and  a 
number  of  Europeans  were  attacked  on  the  three  mines  in  question.  It 
is  not  within  my  province  to  describe  in  detail  the  course  which  this 
epidemic  subsequently  pursued;  it  is  sufficient  to  record  here  that  it 
rapidly  spread  east  and  west  of  the  central  area  until  the  whole  of  the 
mines  were  affected,  and  that  the  non-mining  population  of 
Johannesburg  was  not  heavily  involved  until  ten  days  or  a  fortnight 
later.  Earlj'  in  the  epidemic  the  disease  ran  a  mild  course,  but 
subsequently  fatal  complications  became  increasingly  frequent  and  led 
to  serious  loss  of  life  amongst  both  Europeans  and  Natives.  The  vast 
majority  of  deaths  resulted  from  Broncho-pneumonia,  due  to  infection 
by  Pfeiffer's  Bacillus  influenzce.  together  with  other  organisms. 

The  material  investigated  from  a  bacteriological  point  of  view 
comprised  :  Eight  swabs  from  the  naso-pharynges  of  Natives  attacked 
on  September  22nd ;  nine  samples  of  sputum  from  Natives  attacked 
on  the  same  date,  but  who  did  not  show  any  particular  signs  or 
symptoms  of  serious  lung  involvement  (at  this  period  of  the  epidemic 
few  cases  of  Broncho-pneumonia  or  Lobar  Pneumonia  occurred) ;  six 
specimens  of  blood,  cultured  from  four  European  women  and  two 
Natives  respectively  (all  these  six  cases  were  well  advanced  in  a  serious 
form  of  the  complicating  Broncho-pneumonia ;  two  of  the  Europeans 
and  one  Native  eventually  succumbed) ;  one  specimen  of  clear 
pericardial  effusion  from  a  Native  who  died;  cultures  from  the  pus  of 
six  cases  of  Empyema  occurring  during  the  epidemic  at  Kimberley  and 
kindly  sent  to  the  Institute  bj'  Dr.  Pearson,  of  that  town;  the  lungs 
from  56  Natives  who  died  on  the  gold  mines;  in  addition  to  the  above, 
eleven  cultures  of  the  Pneumococcus  were  handed  to  me  by  Mr. 
Joseph,  one  of  the  technical  assistants  at  the  Institute,  six  of  these 
having  been  isolated  from  the  lungs  of  patients  who  died  and  five  from 
the  sputum  of  cases  suffering  from  "  Spanish  "  Influenza  with  lung 
complications.  Thus,  in  all,  specimens  from  97  cases  were  investigated. 
This  material  can  be  sub-divided  into  two  classes — (a)  swabs  and 
sputum;  (b)  lungs,  pericardial  fluid,  blood,  and  pus  from  empyemas. 
For  the  purposes  of  an  investigation  of  the  bacteriological  aspect  of 
the  epidemic  I  regard  the  evidence  obtained  from  the  specimens 
enumerated  under  class  (h)  as  far  more  valuable  than  that  derived 
from   class    (a)   specimens.       My   reason  for  this   opinion  is   that   the 
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organism  responsible  for  this  epidemic,  and  more  particularly  those 
organisms  occurring  in  the  fatal  lung  complications,  are  not  uncommon 
inhabitants  of  the  upper  respiratory  tract  of  man  in  ordinary  times. 

METHOD  OF  EXAMINATION  OF  THE  VARIOUS  SPECIMENS. 

The  material  from  swabs  and  sputum  was  smeared  on  slides  in 
duplicate  and  each  specimen  was  stained  by  Gram,  and  also  by  carbol- 
fuchsin  (1-10);  cultures  from  each  specimen  were  obtained  on 
human-blood-agar,  and  the  resultant  growths  of  micro-organisms 
examined  as  to  the  appearance  of  the  colonies  and  microscopically  by 
means  of  stained  preparations. 

The  lungs  and  the  pericardial  fluid  were  subjected  to  direct 
microscopical  examination  by  the  method  described  above,  and  cultures, 
obtained  upon  human-blood-agar,  were  investigated.  In  a  number 
of  instances  guinea-pigs  and  mice  were  inoculated  with  material  from 
the  lungs.  Cultures  of  the  Pneumococcus  were  tested  with  ten  specific 
antisera  for  group  identification;  not  all  cultures  were  so  tested, 
however,  l)ut  no  selection  was  made. 

The  lilood  cultures  were  made  ])y  withdrawing  5  c.c.  of  l)lood  from 
the  median  basilic  vein,  2.5  c.c.  being  transferred  to  each  of  two  50  c.c. 
bottles  of  trj'psinated  bullock 's-heart-broth. 

The  pus  from  the  six  cases  of  Empyema  was  planted  out  at 
Kimberley  by  Dr.  Pearson,  on  blood-agar.  the  culture  tubes  forwarded 
to  the  S.A.  Institute  for  Medical  Research,  and  the  organisms  present 
examined.  The  eleven  cultures  of  the  Pneumococcus  handed  to  me 
by  ]\Ir.  Joseph  were  all  tested  for  group  identification  against  the 
specific  antisera. 

RESULTS  OF  EXAMINATION  OF  CLASS   (A)  MATERIAL 
(SWABS  AND  SPUTUM). 

As  was  to  be  expected,  both  direct  microscopical  and  cultural 
examination  showed  the  presence  of  a  variety  of  micro-organisms.  The 
Pneumococcus,  Micrococcus  catarrhaJis,  StapJiylococciis  (both  alhvs 
and  aureus)  and  diphtheroids  being  the  most  prevalent.  A  Gram- 
negative  organism  growing  in  fine  colonies  and  corresponding 
moi-phologically  with  Pfeiffer's  Bacillus  iufluenzce  was  observed  in  the 
cultures  from  three  swabs  and  three  sputa.  However,  nothing  really 
consistent  was  forthcoming,  and  as  deaths  from  Broncho-pneumonia 
now  became  very  frequent,  I  turned  my  attention  to  the  bacteriological 
examination  of  infected  lungs  obtained  post  )iiortciii.  The  lungs  woro 
in  every  instance  from  Native  mine  labourers  who,  with  tew  exceptions, 
worked  on  the  Crown  Mines  (gold). 

RESULTS  OF  EXAMINATION  OF  CLASS   (B)  MATERIAL 

(LUNGS,  PERICARDIAL  EFFUSION,  BLOOD,  AND  PUS 

FROM  EMPYEMA). 

The  following  table  shows  the  results  of  bacteriological  examination 
of  the  lungs  from  fifty-six  fatal  cases :  — 
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It  will  be  seen  from  the  above  table  that  the  Bacillus  influenzcB 
was  present  in  53  of  the  56  eases  examined,  and  that  the  Pneumococcus 
was  by  far  the  next  most  common  organism.  The  remaining  organisms 
were  frequently  present  in  quite  small  numbers,  only  a  few  colonies 
(in  one  instance  only  two)  appearing  on  blood-agar.  The  two  cases 
presenting  the  tubercle  bacillus  were  both  complicated  by  Bacillus 
influenza',  and,  in  addition,  with  Staphylococcus  aureus  in  one 
instance,  and  with  Pneumococcus  in  the  other.  In  four  cases  the 
Bacillus  inflxLenzcE  was  recovered  in  pure  culture.  It  was  very 
noticeable  that  the  Bacillus  infiucnzce  was  frequently  stained  in  a 
bipolar  manner  by  dilute  earbol-fuchsin,  and  also  that  this  organism 
was  more  easily  identified  in  lung  tissue  by  this  stain  alone  than  by  the 
same  stain  when  briefly  applied  as  the  counter-stain  in  Gram's  method. 

PEEICAEDIAL  EFFUSION. 

This  Huid  proved  to  be  sterile  in  the  single  specimen  examined. 

BLOOD   CULTUEES. 

Blood  was  obtained  from  four  European  women  and  two  Natives 
in  the  acute  stage  of  their  illness  and  was  transferred  to  trypsinated 
broth — 5  c.c.  of  blood  to  100  c.c.  of  broth.  In  only  one  instance  was 
any  growth  obtained ;  this  was  in  the  case  of  a  European  woman  who 
ultimately  recovered  after  a  desperate  illness.  This  organism  proved  to 
be  Pneumococcus  of  group  "  B  "  (Type  II.  Eockefeller).  Of  the  six 
cases  referred  to,  two  Europeans  and  one  Native  subsequently  died. 

PUS  FEOM  STX  CASES  OF  EMPYEMA  OCCUERING  AT 
KIMBEELEY. 

The  six  cultures  derived  from  the  pleural  pus  of  Europeans  are  of 
considerable  interest,  in  that  three  of  them  proved  to  be  almost  pure 
cultures  of  Streptococcus  Jicemolyticus ;  of  the  remainder,  one  was  a 
pure  culture  of  Staphylococcus  alhus,  one  a  mixture  of  Bacillus 
influenzce  and  Pneumococcus,  whilst  one  was  unsuitable  for 
investigation   owing    to   contamination. 

The  group  of  hiemolytie  streptococci  has  come  into'  great 
prominence  within  the  last  few  years,  especially  in  America,  where 
epidemics  of  Broncho-pneumonia  associated  with  these  microbes  have 
occurred  on  a  large  scale  in  many  of  the  Army  camps,  and  have  caused 
a  far  higher  case-mortality  than  is  usually  associated  with 
pneumococcal  Lobar  Pneumonia.  These  infections,  moreover,  gave  rise 
to  a  very  high  percentage  of  empyemas.  Haemolytic  streptococcal 
empyemas  ended  fatally  in  numbers  altogether  out  of  proportion  to  the 
fatality  of  the  same  condition  when  due  to  the  Pneumococcus.  The 
literature  on  the  subject  is  already  extensive,  and  the  Journal  of  the 
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A)ncrican  Medical  Association  for  the  last  two  years  will  well  repav 
perusal  of  the  many  articles  dealing  with  this  infection  which  have 
appeared  during  that  period.  In  all  the  specimens  examined  from 
eases  in  Johannesburg  I  did  not  once  observe  haemolytic  streptococci, 
although  the  possibility  of  their  occurrence  was  always  before  me,  not 
only  in  view  of  the  American  experience,  but  also  on  account  of  an 
early  report  from  the  Capetown  bacteriologists  to  the  effect  that  a 
streptococcus  (whether  haemolytic  or  not '  was  not  stated)  was  being 
\ery  frequently  found  there  in  connection  with  the  epidemic.  It 
would  be  of  the  greatest  ejjidemiological  interest  to  know 
whether  haemolytic  streptococcal  inf'ections  were  prevalent  at 
Kimberley  and  Capetown  during  the  recent  epidemic.  The 
unduly  high  death-rate  at  these  t\\'o  centres  would,  in  such  circum- 
stances, be  to  some  extent  explained.  It  would  also  be  of  interest  to 
knoM'  whether  Measles  was  unduly  prevalent,  either  shortly  before,  or 
during  the  epidemic,  l)ecause  hiemolytic  streptococci  are  at  times 
associated  with  Measles.  The  following  table  (II.)  records  the  groups 
of  the  Pneumococcus  identified  by  agglutination  methods  applied  to  37 
cultures  of  this  organism  derived  from  influenzal  subjects.  -- 

The  results  of  the  tests  shown  in  Table  II.  reveal  two  noteworthy 
f)eculiarities :  1.  The  absence,  with  one  exception,  of  the  common 
Lobar  Pneumonia  epidemic  strains  of  the  Pneumococcus  (which  do  not 
normally  exist  in  the  upper  respiratory  tract)  viz.  :  "  A,"  "  B  "  and 
"  C  ";  and  2.  The  large  proportion  of  the  cases  which  were  infected 
with  group  "  E  "  {P)tcumococcns  miicosus)  and  sub-groups  of  "'  B," 
both  of  which  varieties  are  quite  frequently  present  in  the  upper 
respiratory  tract  of  normal  individuals. 

Leaving  out  of  consideration  the  six  cultures  from  sputum  there 
were  30  cultures  derived  from  infected  lungs  and  one  from  the  blood. 
Twenty-four  of  these  l)eloiiged  to  one  or  other  of  the  classifiable  groups. 


AX  1 MAL  1 N  ()( '  ULATIONS . 

Ten  guinea-pigs  were  inoculated  intraperitoneally  with  material 
from  the  lungs  of  ten  cases.  Only  three  of  these  animals  died,  and 
these  were  young  animals,  not  quite  half -grown;  in  the  peritoneal  fluid 
of  two  of  them  the  Bacillus  influcnzce  was  present,  together  with 
Staphylococcus  aureus  and  Pneumococcus;  the  only  organism  recovered 
from  the  blood  was  the  Pneumococcus.  The  peritoneal  exudation  of 
the  third  guinea-pig  showed  a  Gram-positive  cocco-bacillus  which  was 
not  identified,  whilst  cultures  from  the  heart  blood  showed  Bacillus 
infi.uenzce  and  the  unidentified  cocco-bacillus  which  was  present  in  the 
peritoneal  exudate. 

A  number  of  mice  were  inoculated  intraperitoneally  with  material 
from  lungs  but  with  such  varied  results  as  to  be  of  little  value  for 
investigation.        ,\   nunibcr  ilid  not  die,  whilst  others  exhibited  several 
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varieties  of  organisms  in  the  131ood  and  peritoneal  exudate,   and  thus 
failed  to  serve,  in  this  instance,  as  a  differential  in  vivo  culture  medium. 

Five  rabbits  were  inoculated  intravenously,  each  with  a  whole 
blood-agar  culture  of  BaciUus  influenzce  emulsified  in  1  c.c.  of  "85  per 
cent,  saline.  One  of  these  cultures  was  obtained  from  the  cerebro- 
spinal fluid  of  a  case  of  Influenzal  Meningitis,  but  this,  as  also  the 
others,  proved  nonlethal.  The  four  other  cultures  had  been  isolated 
from  the  lungs  of  cases  which  had  suceuml^ed  to  Broncho-pneumonia. 


DISCUSSION. 

The  consistent  presence  of  Bacillus  injiucnzce  (Pfeiffer)  in  the  lungs 
of  patients  who  succumbed  is  strong  evidence  that  this  epidemic  was 
due  to  this  organism.  Nevertheless,  ever  since  Pfeiffer  declared 
Bacillus  infiuenzce  to  be  the  cause,  of  these  epidemics,  it  has  been 
customary,  in  many  quarters,  to  make  the  reservation  that  some 
undiscovered,  ultramicroscopic  or  filterable,  virus  may  yet  be  found 
responsible,  and  that  BaciUus  influcnzce  may  only  play  the  role  of  a 
secondary  invader.  Whilst  this  attitude  may  be  a  reasonable  concession 
to  prudence,  the  question  at  issue  is.  at  the  present  time,  of  no  great 
practical  importance  as  regards  the  devising  of  means  for  combating 
the  existing  pandemic. 

The  bacteriological  findings  here  recorded  point  to  the  disease 
being  due  to  a  primary  infection  with  Bacillus  influcnzce,  which  lowers 
the  resistance  of  the  individual,  in  many  cases  to  such  a  degree  as  to 
leave  him  a  prey  to  the  attacks  of  several  varieties  of  micro-organisms 
which  nomially  exist  harmlessly  in  his  upper  respiratory  tract,  in  this 
instance,  usually  the  Pneumocoecus.  Other  organisms  which  I  have 
referred  to  as  being  present  in  the  lungs  were  frequently  present  in  but 
small  numbers.  Very  little  is  known  as  to  the  stage  of  the  disease  at- 
which  these  secondary  infections  occur,  and  the  question  of  agonal 
infection  cannot  be  altogether  dismissed  with  regard  to  some  of  the 
organisms  concerned. 

That  Broncho-pneumonia  can  be  caused  by  a  pure  infection  with 
BaciUus  influcnzce.  and  that  it  can  terminate  fatally,  is  suggested  by 
the  four  cases  referred  to  previously. 

With  regard  to  vaccine  prophylaxis  or  therapy — so  little  is  known 
that  the  question  is  hardly  worth  while  discussing.  i\Iany  fundamental 
facts  in  connection  with  the  immunological  possibilities  of  Bacillus 
infiuenzce  should  be  carefully  worked  out  before  anything  can  be 
expected  in  the  way  of  prevention  or  treatment  of  this  disease  by  such 
methods.  The  endeavour  to  prevent  by  means  of  vaccines  the 
complications  due  to  secondary  infection  is  tantamount  to  putting  the 
cart  before  the  horse,  and  invites  disappointment.  Wholesale 
inoculations,  with  a  view  to  preventing  or  treating  this  disease,  in  the 
1)1  ill st  of  an  rpidonic,  and  in  face  of  our  lack  of  knowledge  of  the 
subject,  appears  to  me  to  be  quite  unjustifiable. 
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CONCLUSIOXS. 

The  epidemic  disease  prevailing  in  Joliannesburg  from  September 
22nd,  1918,  and  onwards,  was  apparently  due  to  the  Bacillus  infiuenzce 
(Pfeiffer). 

The  most  frequent  secondary  invader  was  the  Pneumococcus 
belonging  to  those  groups  which  are  existent  in  the  upper  respiratory 
tract  in  normal   individuals. 

Streptococcus  luenioJyticus  was  recovered  from  three  out  of  six 
specimens  of  pus  from  cases  of  post-influenzal  empyema  at  Kimberley. 


December  Mh,   I'JIS. 


II. 


EXPERIMENTAL  INVESTIGATION  OF  EPIDEMIC 
TXFLFENZA  AT  1)1  RBAX. 

By  F.  S.  IvisTER  AND  E.  Tayloii. 

This  \\ork  was  carrit'd  out  atttT  tlu'  epideiair  lunl  sufpi  tluougli 
the  country  and  only  small  secondary  outbreaks  of  the  disease  were 
occurring  in  widely  separated  districts. 

A  recrudescence  of  Epidemic  Influenza  amongst  the  European 
population  of  Durban  afforded  the  opportunity  for  conducting  these 
experiments.  The  period  of  actual  investigation  extended  from 
Eebruary  27  to  March  27.  1919.  inclusive. 

The  experiments  to  be  described  were  perfomied  upon  eleven 
human  subjects  (Europeans)  and  four  Cape  Yervet  monkeys 
[Ccrcopithccus   lalandi). 

The  eleven  men  volunteered,  in  answer  to  advertisements  published 
in  the  Johannesburg  newspapers.  Certain  pecuniary  terms  were 
offered,  including  a  free  life-insurance  available  until  one  month  after 
the  termination  of  the  experiment.  Throughout  this  report  the  men 
will  be  designated  bv  the  numbers  1  to  11.  and  the  monkeys  by  the 
letters  A,  B.  C,  and  D. 

None  of  the  volunteers  admitted  having  previously  had  an  attack 
of  Influenza.  With  the  exception  of  Nos.  6  and  9,  it  is  almost  certain 
that  all  had  been  exposed  to  infection;  in  the  case  of  Xo.  4,  eight  people 
living  in  the  same  house  contracted  the  disease.  Xo.  o  was  closely 
associated  by  attendance  on  Influenza  patients  during  the  epidemic  of 
October    and    Xovember.    1918. 

The  men  gave  their  ages  as  follows: — Xo.  1,  32  years;  Xo.  2,  27 
years;  Xo.  3,  25  years;  Xo.  4,  27  years;  Xo.  5,  26  years;  Xo.  6,  35 
years;  Xo.  7,  35  years;  Xo.  8,  25  years;  Xo.  9,  29  years;  Xo.  10,  25 
years;  Xo.  11,  34  years. 

Ten  of  these  men  (one  volunteer  was  a  resident  of  Durban)  were 
taken  from  Johannesburg  to  Durban  by  rail,  a  distance  of  519  miles, 
and  were  isolated  on  Salisbuiy  Island.  This  island  is  situated  in 
Durban  Bay.  Only  a  few  families  reside  upon  the  island,  but  there  is 
free  access  to  and  from  the  mainland  (about  a  mile  distant)  by  means 
of  motor-  and  sailing-boats.  There  were  no  cases  of  influenza  amongst 
the  residents  on  the  island.  The  men  were  housed  in  the  Quarantine 
Hospital,  which  was  empty  at  the  time  of  their  arrival;  apart  from 
the  Superintendent  in  Charge  and  the  Xative  servants  they  were  the 
only  occupants  during  the  whole  of  the  experimental  period. 

The  monkeys  were  kept  on  the  mainland  at  Xo.  3  General  Hospital 
(Mihtary). 
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FILTE ATION  EXPEEIMENTli . 

These  ex])trimexits  were  designed  to  seek  ior  a  filter-passing 
organism  as  the  cause  of  Epiden:iic  Influenza.  The  procedure  adopted 
was  as  follows: — typical  cases  of  Influenza  were  selected  from  a 
number  under  treatment  at  the  Municipal  Beach  Hospital.  This 
Hospital  admitted  Influenza  cases  only.  A  nasal  washing  of 
approximately  70  c.c.  of  distilled  water,  together  with  some  sputum, 
was  taken  from  each  case;  the  sputum  was  expectorated  immediately 
after  the  perfoi'mance  of  the  nasal  washing.  The  specimens  of  nasal 
washings  and  sputum  from  the  three  cases  selected  were  placed  in 
separate  sterile  bottles  with  sterile  glass  beads  and  thoroughly  shaken 
for  about  five  minutes.  A  portion  of  the  fluid  was  then  poured  into 
tubes  and  submitted  to  centrifugalization  by  means  of  a  hand-power 
machine  for  about  three  minutes,  and  the  supernatant  fluid  was  at 
once  passed  through  a  Berkefeld  Alter  candle  "  N  "  under  a  positive 
pressure  of  50  lbs.  One  c.c.  of  the  filtrate  from  each  of  the  three 
specimens  was  planted  into  broth  and  also  on  to  blood-agar.  The 
results  were  sterile  in  each  case,  but  aerobic  cultivation  only  was 
undertaken.  These  manipulations  were  executed  at  the  Beach 
Hospital,  on  the  mainland.  The  three  filtrates  and  the  remainder  of 
the  three  unfiltered  specimens  were  at  once  transported  to  Salisbury 
Island.  The  various  si^ecimens  were  here  either  instilled  or  sprayed 
into  the  noses  and  throats  of  the  volunteers,  and  an  hour  later  the  four 
monkeys  were  treated  in  a  similar  manner.  The  material  used  for  both 
the  men  and  the  monkeys  was  taken  from  the  same  bottle.  The  first 
experiment  of  this  type  dealt  with  the  specimens  from  two  cases  of 
influenza,  and  the  second,  on  a  subsequent  date,  with  material  from 
a  third  case.  A  more  detailed  description  of  these  two  experiments 
may  now  be  given. 

Experiment  I. 

The  first  case  of  Influenza  selected  by  us  from  which  to  obtain 
material  for  transference  to  human  volunteers  was  that  of  Mr.  "  X  '", 
aged  20  years,   a  clerk;   he  eventuallj-  recovered. 

A  number  of  people  living  in  the  same  house  were  attacked  with 
the  disease;  first,  three  children;  next,  the  mother  and  this  patient; 
and  the  following  day,  two  sisters,  one  of  whom  died  in  the  Beach 
Hospital  on  the  morning  that  nasal  washings  were  secured  from  Mr. 
"  X  ".  These  facts,  taken  in  conjunction  with  the  clinical  findings, 
left  little  doubt  as  to  the  correctness  of  the  diagnosis  in  this  case. 

This  patient  had  a  very  severe  attack  with  pulmonary  complica- 
tions; at  one  time  it  was  thought  that  his  recovei'y  was  unlikely,  but 
at  the  time  of  the  nasal  washing  his  general  condition  had  greatly 
improved.  We  realized  that  the  disease  in  this  instance  was  in  a 
somewhat  late   stage,   viz.,   the  twelfth   day;   the  case  was,   however, 
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specially  suitable  in  other  respects,  and  as  nothing  is  certainly  known 
about  the  period  of  infectiousness  we  decided  to  transfer  material  froni 
this  patient  to  four  of  our  volunteers  and  to  two  monkeys.  The 
temperature  chart  of  this  patient  is  exhibited   below. 

Cu.vKT  OF  Mr.  "  X." 


On  February  28  nasal  washings  and  sputum  were  obtained  and 
treated  as  already  described,  the  result  being  that  we  had  two  bottles 
one  containing  the  diluted  imfiltered  secretions  from  this  patient,  and 
another  the  filtrate  of  the  same  material  through  a  Berkefeld  "  X  " 
Candle.  Having  inoculated  blood-agar  slopes,  and  broth,  with  material 
from  each  of  these  bottles,  we  at  once  proceeded  to  Salisbury  Island, 
and  within  1^  hours  of  the  nasal  washing  we  had  transferred  material 
to  four  of  the  volunteers  in  the  following  manner:  — 

No.  a  and  Xo.  6. — In  the  case  of  each  of  these  men  1  c.c.  of  the 
unfiltered  mixture  of  nasal  washings  and  sputum  was  instilled  with  a 
pipette  into  the  nasal  cavities  and  mouth,  witli  the  chin  elevated. 

No.  7  and  Xo.  8. — In  the  case  of  each  of  these  men  5  c.c.  of  the 
fdtrate  was  instilled  with  a  pipette  into  the  nasal  cavities,  and  the 
mouth. 

None  of  these  four  men  developed  the  disease ;  they  were  kept 
under  observation  for  fourteen  days,  and  were  then  submitted  to 
another  experiment  to  be  described  later. 

The  blood-agar  and  the  broth  inoculated  with  the  filtrate  remained 
sterile,  and  BaciUus  injiucyizc^  was  not  observed  in  the  cultures  derived 
from  the  unfiltered  material. 
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Within  an  hour  of  the  completion  of  the  instillations  in  the  men, 
two  monkeys  {C'rrropitheevs  lalniifli)  were  similarly  treated,  as 
follows:  — 

]^Ionkey  A,  with  1  e.c.  of  the  unliltercd  material. 

Monkey  B,  with  5  c.c.  of  the  filtrate. 

Neither  of  these  monkeys  exhibited  any  indication  of  infection; 
their  temperatures  were  recorded  daily  for  eight  days  and  on  no 
occasion  showed  any  variation  beyond  apparently  normal  limits  for  these 
animals. 


('ii.vRT  A  (Moxkey). 
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On  February  28  a  second  case  of  influenza  was  also  utilized  in  a 
manner  identical  in  every  respect  with  that  detailed  above,  save  that 
the  material  was  derived  from  a  patient  at  an  earlier  stage  of  the 
disease,  viz.,  the  third  day.  Sister  "  Y  ",  who  commenced  nursing  at 
the  Beach  Hospital  on  February  23,  had  developed  an  attack  of 
Influenza  forty-eight  hours  after  spending  a  considerable  time  in 
controlling  the  previous  patient,  Mr.  "  X  ",  who  was  at  that  time 
delirious.  She  suffered  from  a  clinically  typical  but  mild  attack.  Her 
temperatiu'e   chart   is  exhibited   below. 
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Very  little  sputum  was  obtainable,  and  it  is  questionable  whether 
the  expectoration  was  derived  from  the  lungs;  the  patient,  however. 
had  experienced  slight  pain  in  the  chest  beneath  the  sternum. 

The  filtrate  and  the  unfiltered  material  were  cultured  as  in  the 
previous  case,  the  former  remaining  sterile,  and  the  latter  failing  to 
show  BaciUus  influenza;. 

Within  Ih  hours  of  the  nasal  washing,  the  filtrate  and  the  unj&ltered 
material  was  transferred  to  four  volunteers  as  follows:  — 

No.  1  and  No.  2. — 1  c.c.  of  unfiltered  mixture  of  nasal  washings 
and  sputum. 

No.  3  and  No.  4. — 5  c.c.  of  filtrate. 

During  the  night  of  ^larch  2,  approximately  36  to  40  hours  after 
his  instillation  of  the  imfiltered  material,  No.  1  developed  an  illness 
clinicallv     indistinguishable     from     Influenza.      Sudden    onset,    fever, 
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severe  headache  and  pains  in  the  back  being  the  prominent  features ; 
herpes  on  the  hps  and  in  the  anterior  nares  also  appeared  on  March  4. 
His  temperature  chart  appears  below.  He  was  up  for  two  hours  on  the 
sixth  day  of  his  illness,  and  made  an  uninterrupted  recovery. 


Chart  of  No.  1. 


None  of  the  other  three  men  were  affected  by  the  procedure. 


Within  an  hour  of  the  completion  of  the  instillations  in  the  men 
two  monkeys  {Cercopithecns  lalandi)  were  similarly  treated,  as 
follows  :  — 

Monkey  C,  with  1  c.c.  of  the  unfiltered  material. 

Monkey  D,  with  5  c.c.  of  the  filtrate. 
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Here,  as  in  the  previous  instance  described,  neither  monkey  was 
affected. 


Chart  C  (Monkey). 


(-'hart  D  (Monkey) 
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Chart    Xo.   1,    on  pa^e  406,    shoiild    be  Chart   No.   '.•,   on  pa^e 
409   and  vice  I'fr^ta. 
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Experiment  II. 


On  March  the  fourth,  a  third  case  of  Intluenza  was  made  use  of, 
viz,  Mr.  "  Z  ",  age  33  years,  a  pohceman.  He  attributed  his  attack 
to  contact  with  a  large  number  of  people  in  their  homes;  he  was 
encaged  in  delivering  notices  for  the  payment  of  rates. 
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severe  headache  and  pains  in  the  back  being  the  prominent  features ; 
herpes  on  the  lips  and  in  the  anterior  nares  also  appeared  on  March  4. 
His  temperature  chart  appears  below.  He  was  up  for  two  hours  on  the 
sixth  day  of  his  illness,  and  made  an  uninterrupted  recovery. 


Chakt  of  No.  1. 
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None  of  the  other  three  men  were  affected  by  the  procedure. 


Within  an  hour  of  the  completion  of  the  instillations  in  the  men 
two  monkeys  {Ccrcopithecns  lalajidi)  were  similarly  treated,  as 
follows :  — 

Monkey  C,  with  1  c.c.  of  the  unfiltered  material. 

Monkey  D,  with  5  c.c.  of  the  filtrate. 


F.  S.  Lister  and  E.  Taylor 


407 


Here,  as  in  the  previous  instance  described,  neither  monkey  was 
affected. 


Chart  C  (Monkey). 


Chart  D  (Moxkey). 
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Experiment  II. 


On  March  the  fourth,  a  third  case  of  Intluenza  was  made  use  of, 
viz,  Air.  "  Z  ",  age  33  years,  a  poheeman.  He  attributed  his  attack 
to  contact  with  a  large^  number  of  people  in  their  homes;  he  was 
engaged  in  dehvering  notices  for  the  payment  of  rates. 
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Cliuically,   his  illness  appeared  to  be   typically   that  of  Epidemic 
Influenza.     His  chart  is  exhibited  l^elow. 


Chart  of  Mr.       Z.' 


Nasal  washings  and  sputum  were  collected  on  the  fovrtli  day  of  the 
lisease  in  the  same  manner  as  described  in  connection  with  the  two 
previous  cases  and  were  subjected  to  the  same  manipulations. 

Blood-agar  slopes  and  broth  inoculated  with  the  filtrate  remained 
sterile,  whilst  cultures  from  the  unfiltered  material  failed  to^  disclose 
the  presence  of  Bacillus  influenzce.  Within  li  hours  from  the  time  of 
the  nasal  washing  the  material  was  transferred  to  the  remaining  three 
untreated  volunteers  in  the  following  manner:  — 

No.  9. — 1  c.c.  of  the  unfiltered  mixture  of  nasal  washings  and 
sputum  was  sprayed  into  the  anterior  nares  and  mouth  by  means  of  an 
atomizer. 
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No.  10  and  No.  11. — Each  of  these  two  men  received  5  c.c.'s  of  the 
filtrate  sprayed  into  the  anterior  nares  and  mouth  by  means  of  an 
atomizer. 

During  the  night  of  March  6,  approximately  36  to  40  hours  after 
his  spraying  with  the  unfiltered  material,  No.  9  developed  an  illness 
clinically  indistinguishable  from  Influenza.  Sudden  onset,  fever, 
headache,  backache,  perspiration,  and  pain  behind  the  eyes  were  the 
initial  features  of  his  attack;  pulmonary  symptoms  developed  later, 
with  profuse  expectoration  of  yellowish-green  mucopurulent  sputum 
which  was  at  no  time  even  tinged  Avith  blood.  At  this  stage  he 
complained  of  pain  in  tlie  chest  and  throat,  there  was  moderate 
cyanosis,  and  congestion  of  the  pharynx,  but  no  enlargement  of  the 
tonsils.  Herpes  of  the  lips  appeared  on  March  14.  On  March  15  the 
patient  was  out  of  bed  for  the  first  time,  and  thereafter  made  a  good 
recovery.  During  convalescence  he  complained  of  "  noises  in  his  head 
and  ears  and  a  dull  heavy  sensation  in  his  head."  An  attempt  to 
cultivate  the  Bacillus  infiurnzcB  from  the  sputum  of  this  case  proved 
a  failure.     His  temperature  is  shown  below. 


Chart  of  No.  9. 


Neither  of  the  remaining  two  men  showed  any  sign  of  infection. 
No  monkeys  were  available  in  connection  with  this  experiment. 
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Experiments  with  Cultures. 

These  experiments  comprised  attempts  to  infect  the  volunteers 
with  cultures  of  Bacillus  infiuenzce,  and  also  with  cultures  of  two  other 
organisms — one  a  Gram-negative  diplococcus,  and  the  other  an 
extremely  small  Gram-positive  coccus ;  the  colonies  of  the  two  latter 
organisms  when  gi*own  on  blood-agar  were  very  minute.  The  method 
used  in  all  these  experiments  was  to  remove  the  growth  from  the 
blood-agar  slopes  by  means  of  a  platinum  loop,  and  suspend  the 
organisms  in  normal  saline  solution.  The  number  of  organisms  in  these 
suspensions  was  not  determined,  but  from  their  appearance  it  would 
not  be  less  than  2,000  millions  per  c.c.  The  emulsions  were  made 
immediately  prior  to  their  being  introduced  into  the  noses  and  mouths 
of  the  volunteers  by  means  of  an  atomizer. 

We  also  sought  to  infect  with  Bacillus  injiuenzcB  the  four  monkeys 
wliich  had  been  previously  used  in  the  filtrate  experiments. 

These  procedures  will  now  bo  descril)ed  in  greater  detail. 

Experiment  III. 

For  this  experiment  emulsions  of  five  diffei'ent  organisms  were 
used,  and  in  no  case  was  pooling  of  organisms  resorted  to. 

The  organisms  in  question  comprised  three  strains  of  Bacillus 
injluenzce  and  two  vmidentified  organisms  from  influenzal  cases.  Their 
origin  was  as  follows  :  — 

Three  Strains  of  Bacillus  infiuenzce. 

Strain  "  P  ",  isolated  in  the  Government  Laboratory  at  Cape  Town, 
October,  1918,  from  a  case  of  Epidemic  Influenza. 

Strain  "  3232."  isolated  post  mortem,  at  the  Institute  in  Johannes- 
burg, October,  1918,  from  the  lungs  of  a  Native  who  had  died  of 
Influenzal  Broncho-pneumonia. 

Strain  "  XX,"  isolated  in  Johannesburg,  October.  1918,  from  the 
lungs  of  a  Native  who  died  of  Influenzal  Pneumonia. 

Two  unidentified  Onjanisms. 

Organism  "  A'. " 

A  Gram-negative  diplococcus.  morphologically  resembling  the 
Meningococcus  or  Micrococcu.-<  ratarrhalis.  but  forming  extremely 
minute  colonies  on  blood-agar  quite  unlike  either  of  the  two  organisms 
just  referi'ed  to.  It  was  recovered  from  the  unfiltered  mixtiu'e  of  nasal 
washings  and  sputum  from  Case  "'  Z." 

Organism  "  S." 

A  very  small,  (Jram-positive  coccus,  forming  on  Ijlood-agar  minute 
colonies,  but  rather  larger  tban  those  of  Organism  "  N."  This  organism 
was  obtained  at  Durban  on  ]\Iarch  9.  1919.  liy  means  of  a  West  swab 

from  the  naso-pharynx  of  Miss  D .  un  tlie  fourth  day  of  a  typical 

attack  of  Epidemic  Influenza. 
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The  growths  from  18-hour-old  cultures  on  blood-agar  of  these  five 
organisms  were  separately  suspended  in  normal  saline,  so  that  the 
resulting  suspensions  were  estimated  by  the  unaided  eye  to  contain  not 
less  than  2,000  millions  of  organisms  per  c.c.  Two  c.c.s  of  these  five 
suspensions  were  immediately  sprayed  by  means  of  an  atomizer  into 
the  noses  and  mouths  of  nine  volunteers,  as  follows:  — 

No.  11,   treated  with  2  c.i-.s  of  suspension    of  sti'aiu  "  8232 

No.     G,       ..           ,.  ..       ,.  "3232" 

Xo.  5,       ..           ,.          ..       ,,           ..  ..        ,,  "XX" 

Xo.     7, ,           ..  ..       ,.  "XX" 

Xo.   10 ,           ,.  ,.       ,,  "  P  " 

Xo.  3,        ,.            .,           .,        ,.            .,  ..organism    "  X" 

Xo.     8 ,,  ,.        ,,  "  X  " 

Xo.     2 ,  ,.        .,  ■  S    ■ 

Xo.     4 ,            ,.  ..        ..  "S" 

The  only  individual  amongst  these  nine  men  who  exhibited  any 
definitely  recognisable  disturbance  after  these  sprayings  was  Xo.  6, 
who,  30  hours  later,  complained  of  headache,  pains  in  the  shoulders 
and  behind  the  eyes,  and  pronounced  giddiness  and  anorexia.  He  went 
to  bed,  where  he  remained  three  days,  after  which  he  completely 
recovered.  His  morning  temperature  on  March  18  rose  to  100°F.,  and 
his  pulse  to  106,  but  these  affections  of  the  temperature  and  pulse 
were  merely  transitory,  for  at  10  p.m.  they  had  fallen  to  98°F.  and  66 
respectively. 

Experiment  IV. 

From  the  beginning  of  our  investigation  we  had  decided  to  spray 
a  freshly  isolated  culture  of  Bacillus  influcnzcp  into  the  noses  flnd 
mouths  of  some  of  the  volunteers  and  monkeys. 

Repeated  efforts  to  obtain  such  a  culture  from  the  Influenza 
patients  at  the  Beach  Hospital  and  elsewhere  were,  however,  for  some 
time  unsuccessful.  Various  attempts  were  made  with  sputum,  naso- 
pharyngeal swabs,  nasal  washings,  a  lung  puncture  (performed  on  a 
case  five  minutes  after  death  from  Influenza  complicated  with  Broncho- 
pneumonia), and  the  lungs  of  several  fatal  cases  and  the  frontal  sinus 
of  one  such  case.  Xevertheless  we  eventually  isolated  from  the  lungs 
of  a  patient  who  had  died  of  Influenza  with  pulmonary  complications 
an  organism  which,  although  slightly  atypical  in  the  size  of  its  colonies 
f>n  blood-agar,  we  felt  justified  in  regarding  as  Bacillus  influenzte. 

On  human-blood-agar  it  sometimes  produced  medium  sized  (about 
that  of  the  Pneumococcus)  colonies,  whilst  at  other  times  they  were  as 
minute  as  one  is  accustomed  to  see  with  Bacillus  influenza^.  These 
variations  could  often  ])e  seen  on  the  same  tube  of  medium,  the  upper 
and  drier  half  of  the  medium  being  covered  with  the  minute  forms, 
whilst   the   lower   half   exhibited   the   much   larger   varietv   of   colon  v. 
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Whatever  the  size  of  the  colonies,  when  examined  microscopicallv 
they  were  found  to  consist  of  Gram-negative  organisms  exhibiting  all 
those  variations  in  size  which  are  commonly  characteristic  of  the 
Bacillus  influenzie. 

All  cultures  planted  on  one  day  might  consistently  show  small 
cocco-bacillary  forms;  in  those  planted  on  another,  many  long  thin 
bacillary  forms  would  appear,  but  always  together  with  a  number  of 
the  smaller  variety.  A  considerable  number  of  the  organisms  would 
often  show  bipolar  staining.  The  organism  failed  to  grow  on  plain 
nutrient  agar.  Although  this  was  the  predominating  organism  found 
in  the  lungs  of  this  case,  the  Pneumococcus  was  nevertheless  present  in 
small  numbers. 

We  used  the  fourth  subculture  of  this  organism  in  our  attempt 
to  infect  seven  of  the  volunteers;  1.5  c.c.  of  a  suspension  in  normal 
saline  was  sprayed  by  means  of  an  atomizer  into  the  noses  and  mouths 
of  each  of  the  seven  volunteers;  and  the  same  quantity  was  instilled  by 
means  of  a  pipette  into  the  noses  and  mouths  of  each  of  the  four 
monkeys. 

The  suspensions  were  made  immediately  before  use,  and  were 
estimated  by  the  unaided  eye  to  contain  not  less  than  2,000  million 
organisms  per  c.c. 

.e.   of  suspension  of  BarUUix   injlucnzir. 


Xo. 

5 

received  1 

No. 

6 

No. 

7 

No. 

8 

No. 

n 

No. 

10 

No. 

11 

Monkey  A  received  1.")  c.c.  of  suspension  of  Bacillus  influrn:uc. 
B 

>'        C         ,,  ,,         ,,  ,,  ,,         ,,  ,, 

„        D         .,  „         „  „  „         „ 

Neither  the  men  nor  the  monkeys  developed  any  illness  as  the 
result  of  these  sprayings.  They  were  kept  under  observation  for  six 
days.  The  monkeys'  temperatures  were  recorded  for  six  days,  but 
showed  no  abnormality.  The  series  of  experiments  then  came  to 
an  end. 

DISCUSSION. 

The  period  at  which  these  experiments  were  undertaken  was 
inopportune.  The  epidemic  of  Influenza  had  already  passed  through 
South  Africa;  for  this  reason  all  our  volunteers,  with  the  exception  of 
Nos.    6   and   9,    must   have   been     frequently     exposed     to     infection. 
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Assuming  the  correctness  of  their  denial  of  having  been  attacked,  it 
seemed  probable  that  they  might  be  definitely  resistant  to  this  disease 
by  the  natural  means  of  infection.  For  this  reason  we  felt  that  only 
positive  results  would  be  of  any  real  value. 

It  is  necessary  to  record  our  experience  regarding  the  temperatures 
pf  the  volunteers ;  without  exception  the  temperature  of  these  men 
frequently'  exhibited  variations  above  98.4°F.  at  the  recording  hour  of 
6  p.m.,  the  morning  readings  taken  at  6  a.m.  being  either  98.4°F.  or 
below.     Nevertheless  the  health  of  the  men  appeared  to  be  excellent. 

We  are  unable  to  assign  a  satisfactory  reason  for  such  departure 
from  the  normal  in  respect  of  temperature.  Attention,  however,  is 
drawn  to  the  alteration  in  the  environment  of  the  volunteers.  The 
change  from  six  thousand  feet  above  sea  level  (Johannesburg)  to  sea 
level  (Durban)  was  probably  not  responsible  because  one  of  the 
volunteers  whose  evening  temperature  was  frequently-  higher  than 
98.4°C.  was  a  resident  of  Durban.  The  life  of  the  volunteers  during 
their  stay  on  Sahsbury  Island  may  be  compared  to  that  usually  followed 
at  a  picnic,  viz.,  absence  of  work,  hearty  meals,  and  a  good  deal  of 
wandering  about,  often  hatless,  under  a  hot  sun.  ]\Iosquitos  were  very 
numerous,  and  all  the  volunteers  were  frequently  bitten.  In  addition, 
there  maj'  have  been  some  apprehension  regarding  their  risks  imder 
the  conditions  of  the  experiment. 

With  regard  to  the  technique  used  in  the  filtration  experiments — 
The  only  departure  from  common  usage  was  the  use  of  distilled  water 
in  the  place  of  normal  saline  for  carrying  out  the  nasal  washings ;  our 
reason  for  this  preference  was  that  there  is  some  evidence  to  show  that 
in  filtration  experiments  where  Acute  Poliomyelitis  is  concerned  distilled 
water  is  preferable. 

In  experiment  No.  1,  where  material  from  Mr.  "  X  "  was 
employed,  the  failure  to  infect  any  of  the  four  volunteers  (two  of  whom 
received  unfiltered  and  two  filtered  material)  may  indicate  that  the 
patient  is  not  always  infectious  as  late  as  the  twelfth  day  of  the  disease. 

In  experiments  Xos.  I.  and  II.,  in  connection  with  the  cases  of 
Sister  "  Y  "  and  Mr.  "  Z  "  respectively,  one  volunteer  (No.  1)  out  of 
the  two  treated  with  unfiltered  material  from  Sister  "  Y  "  developed 
an  illness  clinically  indistinguishable,  to  us.  from  Influenza,  whilst  two 
others  who  received  the  filtrate  from  this  material  remained  unaffected. 
Only  one  volunteer  (No.  9)  was  treated  with  the  unfiltered  material 
from  Mr.  "  Z,"  and  he  developed  an  illness  (in  approximately  the 
same  incubation  period  of  36  hours,  as  that  of  No.  1),  which  again  we 
could  not  distinguish  from  Influenza  ;  whilst  two  other  volunteers  who 
received  the  filtrate  from  the  same  material  were  not  affected. 

The  material  was  secured  from  Sister  "  Y  "  and  Mr.  "  Z  "  on  the 
third  and  fourth  days  of  the  disease  respectively.  * 

Little  is  to  be  gained  by  a  lengthy  discussion  of  these  experiments. 
Where  the  experiments  were  so  few  in  number  the  impossibility  of 
proving  even  whether  the   illnesses   of   No.    1    and   No.   9  were  really 
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Influenza,  or  whether  or  not  the  four  volunteers  who  received  the 
filtrates  were  naturally  resistant,  indicates  the  futility  of  endeavouring 
to  arrive  at  any  sound  conclusion  from  such  meagre  premisses. 

The  filtration  experiments  on  monkeys  were  entirely  negative, 
and  the  unfiltered,  like  the  filtered,  material  gave  rise  to  no  illness. 

We  would  emphasise  the  instability  of  the  temperature  of  monkeys 
under  even  the  moderate  excitement  due  to  the  difficulty  sometimes 
experienced  in  catching  these  animals ;  a  rise  of  two  or  three  degrees 
could  be  demonstrated  after  a  few  minutes'  intentional  excitation. 
The  experiments  in  which  cultures  of  Bacillus  infiuenzce  and  two 
unidentified  organisms  were  used  proved  entirely  negative  with  the 
exception  of  the  case  of  No.  6.  This  man  became  definitely  ill  30  hours 
after  receiving  a  spray  of  a  suspension  of  Bacillus  infiuenzcB,  the 
particular  strain  having  been  isolated  four  months  previously  and  sub- 
cultured  on  human-blood-agar  in  the  interim.  This  volunteer  had  not 
been  exposed  to  infection  during  the  epidemic.  He  had,  however, 
previously  received  with  impunity  the  unfiltered  material  from  Mr. 
■'  X  ".  We  refrain  from  commenting  further  on  this  case,  except  to 
state  that  we  are  unable  to  say  whether  this  volunteer's  illness  was  or 
was  not  Influenza. 

The  primary  unsuitability  of  the  volunteers,  from  a  scientific 
standpoint,  became  more  pronounced  as  each  one  was  submitted  to 
further  experiment.  In  Experiment  No.  IV.,  where  the  remaining 
seven  were  sprayed  with  the  recently  isolated  culture  of  Bacillus 
influe7izcp.,  six  had  already  been  subjected  to  two  previous  experiments, 
and  No.  6  and  No.  9  had  just  recovered  from  the  illness  already 
described.  This  experiment  was  entirely  negative  in  results.  The  four 
monkej's  which  received  the  same  culture  were  also  unaffected. 

SUMMAEY. 

1.  The  transference  of  an  unfiltered  mixture  of  nasal  washings 
and  sputum  from  three  cases  of  Epidemic  Influenza  to  the 
nasal  cavities  and  throats  of  human  volunteers  was  followed 
in  two  instances  out  of  five  by  illness  indistinguishable 
clinically  from  Influenza. 

2.  The  incubation  period  in  each  case  was  about  36  hours. 

3.  The  filtrate  obtained  by  passing  a  mixture  of  nasal  washings 
and  sputum  from  three  cases  of  Epidemic  Influenza  through 
a  Berkefeld  "  N  "  candle  failed  to  give  rise  to  illness  in  all 
of  six  human  volunteers. 

4.  The  monkeys  we  employed  were  unaffected  by  instillations 
into  the  nose  and  mouth  of  either  unfiltered  or  filtered  nasal 
washings  and  sputum  derived  from  cases  of  Epidemic 
Influenza. 

5.  The  spraying  of  living  cultures  of  Bacillus  influenza  and 
also  two  unidentified  organisms  into  the  noses  and  mouths 
of  human  volunteers  and  monkeys  was  followed  by  a  mild 
indisposition  in  one  human  volunteer  onlv. 
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It  remains  to  acknowledge  our  great  indebtedness  to  Dr.  H.  E. 
Fernandez,  Port  Otiicer  of  Health,  Durban,  for  many  kindnesses  and 
great  assistance  in  connection  with  the  occupation  of  the  Quarantine 
Hospital  by  the  volunteers.  To  Dr.  P.  Murison,  ^Medical  Officer  of 
Health,  Durban,  for  allowing  us  to  obtain  material  from  the  Beach 
Hospital.  To  Lieut. -Colonel  Whitehead,  A.D.M.S.,  for  the  loan  of 
equipment;  Captain  C.  V.  Impey  for  facilities  and  assistance  at  the 
Laboratory,  No.  3  General  Hospital  (Mihtary);  to  Mr.  J.  G.  Boss,  our 
assistant,  and  to  Mr.  H.  P.  Sheridan,  who  was  in  charge  of  the 
volunteers  throughout. 

Finally,  both  we  and  the  public  generally  owe  a  deep  debt  of 
gratitude  to  the  individuals  who  responded  to  the  advertisement  for 
volunteers.  The  eleven  who  were  selected  were  prepared  to  take  the 
risks  inseparable  from  experiments  of  this  nature,  and  bore  themselves 
with  the  greatest  fortitude  and  cheerfulness  throughout. 
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TROPICAL  ULCER 

IN    NATIVE    MINE    LABOURERS    ON    THE 

WITWATERSRAND. 

By  F.  S.  Lister  and  H.  Q.  F.  Thompson. 

Through  the  work  of  Yincent,'  l'ro\\'azek.-  and  others  it  is  now 
generally  admitted  that  Tropical  Ulcer  is  caused  by  the  Bacillus 
fusiformis,  and  a  spirillum  or  spirochaete.  The  association  of  these 
two  organisms  is  either  an  example  of  symbiosis,  or  else  the 
spirochaetes  are  derived  from  the  B.  fusiformis;  the  work  of  Tunnicliff' 
and  others  points  to  the  latter  view  as  the  more  probable. 

One  of  us  ('F.S.L.)'^  drew  attention  to  the  occurrence  of  these 
ulcers  in  mine  Native  labourers  in  1911,  and  described  their 
bacteriology  and  a  method  of  treatment.  From  time  to  time  extensive 
epidemics  of  Tropical  Ulcer  arise  amongst  the  Natives  on  the  gold-mines 
of  the  Witwatersrand,  and  on  the  coal-  and  gold-mines  of  Southern 
Ehodesia ;  in  1910-11  a  fomiidable  outbreak  occurred  on  the  Premier 
Diamond  Mine.  Although  permanent  disablement  is  a  rare  event  in 
this  disease,  the  economic  wastage  due  to  the  loss  of  working  time  is 
a  vei'y  serious  matter. 

Early  in  the  present  year,  i.e.,  in  the  height  of  summer,  it  was 
brought  to  the  notice  of  the  Institute  that  on  certain  of  the  local 
gold-mines  there  were  very  many  Natives  suffering  from  grievous  sores, 
mainly  on  the  lower  extremities,  and  which  showed  little  tendency  to 
heal.  These  sores,  in  a  large  percentage  of  the  cases,  extended  by  a 
process  of  phagedaenic  ulceration  and  led  to  a  lengthy  period  of 
disablement.  We  have  investigated  a  number  of  these  cases,  and  the 
results  of  our  work  are  reported  in  this  paper. 

The  investigation  comprised:  — 

(1)  Clinical   Examination. 

(2)  Bacteriological   Examination. 

(3)  Histological  Examination. 

(4)  Treatment. 

1.     Clixic.\l  Examixatiox. 

At  a  prelimin<u-y  examination  of  a  collection  of  cases  in  one  of 
the  mine  hospitals,  it  became  at  once  apparent  that  the  lesions  had 
not  usually  originated  in  the  manner  described  in  certain  text-books. 
For  instance,  in  Castellani  and  Chalmers'  ''  Manual  of  Tropical 
Medicine,"  p.  1561,  Ulcus  trojjicum  is  said  to  begin  "with  the 
appearance  of  a  small,  painful,  occasionally  pruriginous  papule,  or 
papulo-pustule,  surrounded  by  a  deeply  infiltrated,  dusky,  red  areola." 
The  lesions  which  fornied  the  subject  of  our  preliminary  examination 
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were,  with  but  one  exception,  tlie  outcome  of  traumatic  breaches  of 
the  skin,  and  in  nearly  every  instance  the  original  woinids  had  been 
caused  by  pieces  of  rock  falling  on  to  or  against  the  lower  limbs. 

The  ulcers  were,  as  a  rule,  solitary;  occasionally  they  were 
multiple,  varying  from  two  to  five  in  number  and  being  situated 
either  on  the  same  or  on  different  limbs.  The  majority  were  circular 
or  oival  in  outline  (with  a  diameter  of  fi-om  -5  to'  7-5  cms.),  though 
irregular  shapes  were  to  be  met  with.  In  some  instances  the  ulcers 
\vere  deep  and  crateriform,  in  others  shallow;  the  edges  were  so'metimes 
thickened  and  often  undermined;  the  base  was  usually  covered  with 
greeny-yellow  pus,  frequently  possessing  an  acrid  and  impleasant 
odour;  after  removal  of  the  pus  the  floor  of  the  ulcer  was  seen  tO'  be 
covered  with  gi-anulation  tissue  which  Avas  at  times  exuberant,  but 
often  poody  developed ;  haemorrhage  occurred  very  readily  on  probing 
the  imdermined  edge  or  the  soft  base  of  the  ulcer.  In  some  cases, 
tendons  had  been  exposed,  and  the  destruction  of  the  tissue  had 
occasionally  extended  to  the  underlying  bone  resulting  in  a  localized 
caries  or  in  the  formation  of  a  sequestrum.  The  ulcers  were  practically 
always  situated  on  the  lower  limbs,  and  below  the  knee  in  almost 
every  case ;  the  most  co'mmon  sites  were  the  anterior  surface  of  the 
leg,  the  dorsum  of  the  foot,  o^'er  the  malleoli,  and  in  the  area  overlying 
the  tendo  Achillis. 

The  first  question  to  be  determined  was  whether  the  lesions  were 
merely  wounds  infected  with  the  ordinary  pyogenic  micro-organisms, 
or  whether  they  were^ — as  we  suspected — examples  of  infection  with 
the  B.  fusifonnis  and  its  associated  spirillum.  In  all  cases  the  original 
wound  had  undergone  enlargement  and  had  assumed  all  the  characters 
of  a  lesion  which  might  be  legitimately  described  as  an  idcer. 

2.     Bacteriological  Examination'. 

Seventy-three  cases  were  bacteriologically  examined.  Of  these, 
four  were  in  Native  employees  of  the  Southern  Rhodesian  Railways  and 
the  remaining  sixty-nine  were  in  Native  labourers  on  the  gold-mines 
of  the  Witwatersrand.  Forty  cases  were  culturally  examined, 
thirty-one  with  a  view  to  isolating  the  various  organisms  present,  and 
nine  in  an  attempt  to  grow  the  B.  fusiformis.  Attempts  toi  infect 
rabbits,  guinea-pigs,  and  mice  hx  scarification  and  the  applicatio^n  of 
material  from  the  ulcers  proved  ineffective,  no'  lesion  at  all  being 
produced. 

Material  from  the  floor  and  the  undermined  edges  of  the  ulcers 
was  examined  bacterioscopically  in  each  of  the  seventy-three  cases.  The 
routine  method  of  staining  was  both  by  dilute  carbol-fuchsin  and  by 
Gram's  method.  In  addition,  a  niimber  of  slides  were  stained  both 
by  Leishman's  method  and  by  silver  impregnation,  whilst  others  were 
examined  directly  by  dark-eround  illumination.  Among  these 
seventy-three  cases  the  B.  fnsifornii.<i  was  nresent  in  thirtv-eight,  but 
the  spirillum  (always  in  association  with  the  B.  fvsiformis)  was 
observed  in  nine  onlv.  which  number  included  the  four  Rhodesian  cases. 
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A  certain  nunibt,'r  of  tlie  ulcers  iu  the  above  series  were  investigated 
at  a  time  when  the  heahng  process  was  well  established,  and  it  is 
therefore  probable  that  the  B.  fusiformis  would  have  been  found  in  a 
greater  proportion  had  these  been  examined  at  an  earlier  stage. 

All  attempts  to  grow  the  B.  fusiformis  ended  in  failure.  The 
media  used  were  human-blood-agar,  horse-serum  broth,  and  trypsinated 
broth.  The  culture  tubes  were  incubated  anaerohically,  the  air  having 
been  removed  by  means  of  an  air-pump  and  subsequent  washing  with 
hydrogen.  The  nine  cases  in  connection  with  which  these  attempts 
were  made  were  selected  on  account  of  the  purity  and  abundance  of 
the  infection  with  the  B.  fusiformis,  as  disclosed  by  bactenoscopie 
examination. 

The  results  of  the  general  cultural  examination  of  the  thirty-one 
cases  referred  to  above  are  recorded  in  Table  I. ;  the  culture  medium 
used  was  human-blood-agar,  and  aerobic  methods  alone  were  employed. 

TABLE  I. 

]\IlCRO-ORGAXISMS    IS0LATP:D    BY    AEROBIC    CULTIVATIOX. 


No.  Of 

Cases 
examined. 


31 


Haeniolytic  Haemolytic 
Streptococci  Streptococci 
(in  pure  with 

cultui'e).     '  B.  protciis. 


„     ,      ,  I    Stapliylo-         \arious 

/.  ^  coccus  a/bus  nniaentiiiecl 

(in  pure  , . 

culture).  (Ill  PU'f           ^icro- 

'  culture).       organisms. 


No  growth 
in  tubes. 


In  this  series  of  thirty -one  cases,  the  B.  fiiHifor»tis  had  been 
found,  bacterioscopically,  to  be  present  in  eleven,  and  in  fonr  of  these, 
but  in  no  others,  the  spirillum  was  also  present.  It  will  be  noticed 
that  in  the  remaining  forty-two  cases  the  B.  fusiformis  had  been 
detected  in  twenty-seven  instances.  The  explanation  of  the  relative 
infrequency  of  its  occun'ence  in  the  series  recorded  in  Table  I. 
probably  lies  in  the  lack  of  selection  in  the  cases,  which  included  those 
that  had  been  subjected  to  much  treatment,  and,  moreover,  a  number 
in  which  the  ulcers  were  already  in  the  healing  stage.  The  series 
comprised,  in  fact,  the  first  thirty-one  patients  who  came  under 
observation,  whereas  the  remaining  cases  were  more  carefully  selected 
in  order  to  obtain  satisfactoa'y  examples  for  testing  the  various  fomis 
of  treatment  that  we  had  in  view. 

In  the  eleven  infections  with  B.  fusiform !>i  the  Streptococcus 
haemobjticus  was  also  present  in  nine,  and  thf  B.  proteus  in  two 
instances. 

Fourteen  of  the  sixteen  strains  of  the  Strrpfococrus  Jiaoiwli/ticus 
produced  acid  in  both  lactose  and  salicin,  but  failed  to  fennent 
mannite;  of  the  remaining  two  strains,  one  failed  to  fennent  lactose 
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and   mannite   but  produced   acid   in    salicin,    A\hilst   the   otlier  did   nnt 
ferment  any  of  the  three  mentioned  substances. 

The  six  strains  of  B.  proicus  conformed  to  the  type  of  Proteus 
vulgaris.  A  small  quantity  of  culture  planted  at  the  bottom  of  a  tube 
of  nutrient  agar  spread  upwards  and  i-eached  the  top  in  tM'enty-foiur 
hours.  All  the  strains  were  actively  motile,  and  showed  the  presence 
of  peritrichic  flagella,  some  bacilli  possessing  fro-m  20  to  25. 

It  was  thought  worth  while  to  carry  out  the  Weil-Felix  reaction 
with  the  sera  from  the  cases  in  which  B.  protcus  was  present.  Six 
cases  of  ulcer  showing  a  local  infection  with  B.  protcus,  and  six  others 
in  which  this  micro-organism  was  absent,  were  selected  for  this  purpose. 
Two  strains  of  Pretexts  X — both  obtained  from  the  Lister  Institute — 
and  the  six  locally  acquired  strains  of  B.  proteus  already  referred  to, 
were  separately  tested.  The  dilutions  of  serum  used  were  1/20,  1/40, 
1/80,  and  1/160.  The  agglutination  mixtures  were  incubated  at 
temperatures  of  37°C.  and  5r)°C.  for  2-  and  24-hour  periods.  There 
was  not  the  slightest  trace  of  agglutination  in  any  of  the  preparations. 

The  AYasserman  test  was  performed  in  twelve  typical  cases, 
with  a  negative  result  in  all  except  one ;  in  this  instance  a  weakly 
positive  reaction  was  obtained.  These  results  appear  definitely  to 
exclude  tertiary  S3'philis  from  any  share  in  the  production  of  these 
lesions. 

Leaving  out  of  account  the  four  Ehodesian  cases,  in  which  the 
B.  fusiform  is  was  constantly  associated  with  a  spirillum,  it  is  to  be 
noted  that  there  were  thirty-foin-  cases  from  the  Eand  which  showed 
the  presence  of  B.  fusiformis,  but  that  in  only  five  of  them  vras  the 
spirillum  also  observed.  This  was  an  unexpected  finding,  and  one 
which  was  not  at  all  in  conformity  with  the  previous  experience  of 
one  of  us^  during  the  very  severe  O'utbrealc  on  the  Premier  Diamond 
Mine  already  referred  to;  on  that  occasion  the  spirillum  was  found  to- 
be  consistently  associated  with  the  B.  fusiformis.  We  have  no 
(ixplanation  to  offer  for  this  divergence  on  these  two  occasions.  The 
ulcers  which  occin'red  on  the  Premier  Diamond  Mine  were  far  more 
intractable,  and  caused  greater  and  more  rapid  destruction  of  tissues, 
than  those  which  we  have  recently  studied  on  the  Witwatersrand,  and 
it  may  be  surmised  that  the  presence  of  the  s])iril]nm  determines  a 
more  serious  icyvm  of  lesion. 


3.     Histological  Examix-Vtiok. 

^Material  sent  to  us  from  five  cases  in  the  City  Deep  Mine  Hospital 
was  examined  by  Dr.  J,  H,  Harvey  Pirie,  of  the  Kovitine  Division  of 
the  Institute,   and  the  following  ohservations  were  made:  — 

"  In  four  instances  the  material  consisted  of  scrapings  from  ulcers, 
in  the  fifth  case  the  whole  \dcer  had  been  excised  and  submitted  for 
examination. 
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■'  The  material  comprising  the  scrajjings  proved,  in  two  instances, 
to  be  ver^-  necrotic  and  haemorrhagic,  and  little  could  be  made  out 
histologically.  The'  other  two  showed  granulation  tissue  similar  in 
type  to  that  found  in  the  fifth  case,  but  as  the  positional  relationship 
to  the  ulcer  as  a  whole  was  indeterminable  no  further  description  need 
be  given. 

■'  In  the  fifth  case  it  was  possible  to  cut  sections  which  were 
definitely  odentated  as  regards  the  edge  and  floor  of  the  ulcer.  The 
ulcer,  to  the  naked  eye,  appeared  to  be  one  which  was  healing  rather 
than  extending;  the  periphery  was  thickened  and  a  fresh  growth  of 
yo'ung  epithelium  was  extending  inwards  towards  the  centre.  The 
floor  in  the  central  part  showed  reddish  granulations  with  only  a 
comparatively  small  amount  of  patchy  fibrinous  membrane. 

^licroscopically,  the  floor  of  the  ulcer  showed  granulation  tissue 
of  the  ordinary  type,  with  moderately  abundant  j)ol3"morphonuclear 
leucocytes  in  the  surface  layer;  in  the  deeper  parts,  lymphoid  and 
plasma  cells  do^minated  the  picture.  This  gradually  merged  into  the 
nonintiltrated  fibrous  tissue  of  the  subcutaneous  rlaj'ers,  but,  both 
below  the  floor  and  lateral^  for  a  considerable  distance  beyond  the 
edge  of  the  ulcer,  there  were  to  be  seen  amongst  otherwise  healthy 
tissue  streaks  and  focal  collections  of  mononucleated  cells,  suggesting 
that  the  inflannnatory  process  had  extended  along  lymph  channels 
or  in  tissue  spaces  for  some  distance  away  from  the  actually  ulcerating 
area.  Eosinophilous  cells  were  not  uncommon  among  the  round  cells, 
but  they  did  not  appear  to  be  specially  congregated  around  vessels, 
as  has  been  described  by  some  writers. 

"The  general  picture  was  sufficiently  in  accordance  with  the 
text-book  descriptions  of  Tropical  Ulcer.  Sections  were  not  stained  with 
special  reference  to  determining  the  distribution  of  the  spirochaetes 
and  fusiform  bacilli  respectively." 

4.     Treatmext. 

It  was  our  intention  to  investigate  a  number  of  dift'erent  methods 
of  treatment  for  this  disease;  before  the  work  coidd  be  completed, 
however,  the  outbreak  ceased.  This  occun-ed  when  only  three 
procedures  had  been  applied  to  three  different  groups  of  six  patients 
each.  The  failure  in  the  supply  of  fresh  cases  was  particularly 
disappointing,  as  it  prevented  us  from  trying  the  effects  of  ionization, 
trypan   blue,    etc. 

The  three  forms  of  treatment  investigated  were:-- 

Group  (1) — Excision  of  the  ulcers. 

Group  (2) — Curetting  of  the  ulcers. 

Group  (3) — Local  application  of  novarsenobillon. 

The  six  cases  in  each  group  were  not  entirelj'^  comparable  with  one 
another,  nor  with  those  in  the  other  groups.  In  two  cases  in  group  1 
the  ulcers  involved  the  imderlying  bone,  with  the  formation  of  a 
sequestrum  in  each  case.     Tn  two  cases  in  group  2,  also,   the  ulcers 
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involvL'cl  the  bone,  luid  iu  one  of  these  the  nieduUary  cavity  liad 
l)econie  infected  and  a  sequestruna  had  foi-med.  In  group  3  none 
of  the  ulcers  extended  to  the  bone,  although  five  of  them  were 
2-0  cms.  OY  more  in  diameter.  In  each  group  there  was  one  individual 
whoi  was  affected  with  more  than  one  ulcer. 

A  variety  of  applications  was  used  in  the  subsequent  treatment 
of  those  ulcers  which  were  submitted  to  excision  and  curetting, 
including  saline,  tinctvire  of  iodine,  acro-flavine,  aluminium  acetate, 
and  "  red  lotion  "  (2  grs.  of  sulphate  of  zinc,  12  minims  of  compound 
tincture  of  la.vender,  with  water  to  one  onnce).  In  the  group  treated 
hy  novarsenobillon  the  only  subsequent  application  was  hydrogen 
peroxide.  Table  II.  records  the  chief  points  of  interest  in  the 
indi^■idual  cases  of  each  group. 

The  results  noted  in  Table  II.  indicate  tliat  the  treatment  of  these 
iileers  by  the  local  applicatio'n  of  novarsenohillon  was  at  least  as 
efficient  as  the  more  severe  procedures  of  excision  or  curetting. 
Equally  good  results  were  obtained  by  applying  the  drug  either  in  the 
fonn  of  a  powder  or  in  solution.  In  cases  in  which  the  lesion  involved 
the  bone  surgical  measures  were  necessary  in  all  instances. 

The  number  of  I'emedies  which  have  been  advocated  for  Tropical 
Ulcer  is  very  large,  and  this  fact  alone  is  evidence  of  the  unsatisfactory 
position  as  regards  the  treatment  of  this  lesion  to-day.  Series  of  eases 
have  been  repoirted*^  in  which  a  cure  was  effected  in  fifteen  days,  even 
when  the  loss  of  tissue  had  been  considerable.  Such  successes  are 
outside  our  experience  and  lead  us  to  speculate  concerning  the 
correctness  of  the  conception  of  Tropical  Ulcer  as  a  clinical  entity. 

Discussiox. 

It  will  be  seen  from  Table  II.  that  this  disease  affected  Native 
labourers  on  the  Band  whoi  had  been  recruited  from  tribes  located  so 
far  apart  as  the  Cape  and  Ehodesia;  it  may  therefore  be  concluded 
that  there  is  no'  tribal  immunity  from  it.  As  to  the  possible  existence 
of  any  racial  immunity,  M-e  have  nO'  direct  evidence.  It  may,  however, 
be  recorded  that  we  have  not  seen  or  heard  of  a  case  of  the  disease 
in  a  European,  either  at  the  Premier  Mine,  or  on  the  Rand.  This 
apparent  freedom  ma.y  possibly  be  associated  with  the  iDrotection  to 
the  lower  limbs  which  the  wearing  of  European  clothing  secures.  The 
history  of  an  injury,  antecedent  to'  the  appearance  of  the  ulceration 
and  usually  caused  by  a  fall  of  rock,  was  almost  constant;  only  one 
exception  appears  amongst  the  eighteen  cases  in  Table  II.  Another 
noteworthy  fact  is  the  special  incidence  of  the  disease  upon  Natives 
working  underground,  the  disease,  indeed,  appears  to  be  confined 
almost  entirely  to  this  class  of  mine  labourer.  At  first  sight,  this 
discrimination  might  be  thouglit  tO'  point  tO'  the  underground  workings 
themselves  as  being  the  essential  sonrce  of  the  infection.  It  is 
probable,  however,  that  this  is  not  the  case,  and  that  employment 
underground  is  merely  a  predisposing  cause.  It  has  long  been 
recognized    that    Lobar    Pnemuonia.    as    it    occurs    on    the    Pumd,    is 
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relatively  far  more  common  amongst  the  underground  than  the  surface 
employees,  and  one  attributes  this  peculiarity,  not  to  any  saprophytic 
prevalence  of  the  Pneumococcus  in  the  workings,  but  to  the 
predisposing  effects  of  exhausting  work,  hot,  humid  atmospheres,  and 
somewhat  sudden  changes  of  temperature.  If  these  things  are  true 
with  respect  to  pneumococcal  infections  they  are  probably  also  true 
with  respect  to  Tropical  Ulcer.  Castellani^  states  that  "  there  are 
localities,  however,  such  as  the  hinterland  of  Aden,  the  low  marshy 
jilains  of  Cochin-China  and  Tonkin,  and  some  islands  O'f  the  Eed  Sea 
where  the  affection  is  particularly  common."  This  points  to  hot, 
damp  atmospheres  being  closely  associated  with  the  infection,  and  the 
underground  workings  of  the  gold-mines  reproduce  these  conditions 
far  more  closely  than  do  the  surface  workings.  The  number  of  injuries 
to  the  lower  limbs  amongst  underground  laboin-ers  is.  moreover,  out 
of  all  proportion  to  the  number  of  such  injuries  amongst  workers  on 
the  surface.  This  and  the  other  considerations  mentioned  suggest 
that  the  infection  is  not  necessarily  derived  directly  from  the 
imdergi'ound  workings. 

In  1911  one  of  us*  suggested  that  the  patient  might  owe  the 
specific  infection  of  his  wound  to  his  sputum  or  nasal  discharge,  and 
some  confirmation  of  this  possibility  is  forthcoming  in  the  recent  work 
of  Eeckford  and  Baker",  in  connection  with  Vincent's  Angina  infection: 
these  workers  occasionally  found  Vincent's  micro-organism  in  normal 
months,  and  in  90  per  cent,   of  diseased  teeth. 

It  has  been  suggested  by  some  that  these  ulcers,  as  seen  on  the 
Eand,  originate  in  the  hospitals  from  a  transference  of  the  infection 
from  establfshed  cases  of  the  disease  to  previously  non-infected  woamds. 
That  this  has  happened  in  some  instances  is  highly  probable,  but  there 
is  evidence  to  show  that  it  is  not  always,  or  even  usually,  the 
explanation.  Practically  all  the  cases  comprising  the  outbreak  on  the 
Premier  Diamond  ^Nline  in  1910-11''.  and  all  those  in  the  recent  epidemic 
which  were  dealt  with  by  tlie  medical  administration  of  the  City  Deep 
Aline,  were  first  admitted  to  hospital  with  tlio  ulceration  already 
established. 

When  these  ulcers  become  ])rcvalent  the  economic  loss  entailed 
is  verv^  great:  the  number  of  Avorking  days  wa.sted  is  suflficiently 
evidenced  by  the  record  of  the  eighteen  cases  in  Table  II.  A  loss 
of  as  many  as  4,000  days  with  respect  to  twenty-two  cases  is  within 
our  experience. 

Till'  most  satisfactory  way  of  dealing  with  this  disease  on  the 
mines  is  to  prevent,  as  far  as  possible,  its  occuirence.  This  would 
be  secured  by  antisepticizing  all  wounds,  no  matter  how  trivial,  at 
the  earliest  possible  opportimity,  and  submitting  all  such  cases  to 
daily  inspection  until  the  wound  is  healed.  The  earliest  indication  of 
the  onset  of  phageclaenic  ulceration  should  be  met  by  the  local 
application  of  novarsenobillon.  When  once  the  lesion  has  become 
well  established  it  is  obvious  that,  even  if  the  infection  could  be 
promptly  eradicated  from  it.  many  days  or  possibly  weel^s  must  elapse 
before  its  healing  can  be  completed. 
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COXCLUSIOXS. 

(1)  That  ill  a  recent  epidemic  of  ulcers,  oc-curriiig  almost  solely 
in  Native  mine  labourers  working  underground,  A^'incent's  fusiform 
bacillus  was  frequently  present. 

(2)  Vincent's  spirillum  was  usually  absent. 

(3)  Haemolytic  streptococcus  and  B.  protcus  were  isolated  in  a 
number  of  instances. 

(4)  Treatment  by  local  application  of  novarsenobillon  Mas  found 
to  be  as  effective  as  excision  or  curetting  of  the  ulcers. 
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